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INTRODUCTION 

Green sweetcom for table use or packing into cans is picked while the 
ripening processes are actively in progress. Since these processes greatly 
change the chemical composition of the com, it is obvious that the ears 
must be picked as nearly as possible at the stage of ripening that will 
furnish the most desirable quality. There is some difference of opinion 
in regard to the chemical composition that gives the most desirable 
quality to sweetcom, especially for packing into cans. Attention 
is usually focused upon sugar content, as sw^eetness is a desirable quality 
of sweetcom and, morever, the flavor appears to be associated with the 
sugar content. This relationship may be merely a parallelism, but it 
is certainly true that co^i acquires a decided flat taste after the sugar 
is reduced to low content either on the stalk or in storage. The fore- 
going statement does not necessarily apply to naturally low' sugar content 
in certain varieties or to the same variety growm under different con- 
ditions. 

The percentages of starch and cmde fiber are claimed by some to be of 
equal if not of even greater importance than the sugar content. The 
percentage of starch must be sufficiently high to give body to the com, 
while the amount of crude fiber must be kept as low' as possible. Since 
the starch and crude fiber increase at the expense of the sugar, the most 
desirable stage for picking com w'ould seem to be a wise compromise 
between sugar content and other constituents. 

The present paper deals with the chemical changes in sweetcom 
during ripening and the effect of climatic temperature on rate of these 
changes. An attempt has also been made to evaluate the climatic 
temperature efficiency for these processes and to make the results of 
some practical value as a guide for picking com in different localities 
and in different seasons in the same locality. 
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In thfe study a distinction has been made betw^ the ripening and 
the maturing processes. The com is consider^ ripe when the gro\vtb 
of the kernels ceases and the chemical changes in the com have nearly 

attained equilibrium positions — that is, it is ripe at the time after which 

the ratios of the various constituents change very slowly and very little. 
The maturing of com consists essentially in the loss of water; therefore, 
the rate at which com matures depends largely upon the climatic condi* 
tions which control evaporation, 

CHANGES IN CHEMICAL COMPOSITION OP SWEETCORN DURING 
RIPENING 


Stowell’s evergreen com grown from home-selected seed furnished the 
material for this study. For each experiment 50 ears representing as 
nearly as possible the same stage of ripening were carefully selected in the 
center of the field. These ears were numbered consecutively and desig- 
nated as being in the premilk stage. The husks were not yet firm, and 
the silk was still green or red for about H inch beyond the tip of the 
husks. The remainder of the silk was, as a rule, brown but not dry. 
The kernels were inspected through a small longitudinal slit in the husks 
which was afterwards carefully closed and tightly held with a rubber band. 
The spikelets were still e\ident, the kernels small and spherical, and the 
exudate was opalescent or cloudy but not milky. This is about the 
earliest stage of ripening that will furnish sufficient kernel material from 


a single ear for sampling. " 

Samples for analyses were taken at 10 o’clock a. m. every other day 
during the ripening period. In order that the rate of change in chemical 
composition during each succeeding 48-hour period might be determined 
bv comparing analyses from the same ear, as well as analyses from dif- 
ferent ears, the following procedure was adopted: Samples of three rows 
of kernels each were removed from ears i and 2. The husks were then 
carefully brought back to place and held with rubber bands. After 48 
houre a second pair of like samples was taken from tlie opposite sides o 
eare i and 2. At the same time the first pair of samples was removed 
from ears 3 and 4. At the end of the second 48-hour penod the second 
samples were removed from ears 3 and 4 and the first 
5 and 6 This overlapping method of samphng was continued through- 

«« .0- 

determinations have been described in a previous ^per. i“ h d 
tolat. crude fiber, and total nitrogen were.essentially those of the Official 

Agricultural Chemists.’ 

DiaD» noues a tntnatt ^ ^ ,g»T*iiv8 mbtbods or 
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Table I shows the changes in chemical composition of the solids in the 
com during a typical ripening period. It was found that the rate of 
fipeuing was fairly ■uniform in all the ears selected for the experiment. 
Therefore the determinations from the four samples taken at each sam- 
pling period were averted instead of the first and second samples from 
the same ears being compared, as was originally intended. Each percent- 
age in the table, except the first set, represents an average of four deter- 
minations. The averages for the first date include the determinationsf rom 
the first samples of ears i and 2. The averages for the succeeding dates 
include the determinations from the first samples of two ears and the 
second samples of the two ears that furnished the first pair of samples on 
the previous date. The removal of the first sample from an ear does not 
affect the rate of ripening in the kernels on the remaining half of the ear 
if the husks are closed tightly and held in place. 


Table I- — Changes in composition of sweetcorn during ripening 
[Calculated as percentages of dry ^K-eightl 


Date. 

Starch, 

Cane 

sugar. 

Reducing 

sugars. 

Fat. 

Crude 

fibre. 

Total 

nitrogen. 

Protein 

(total 

NXe.as). 

Aug. 3 

18. 36 

i?. 55 

20. 07 

2-97 

7.92 

3-33 

20, 81 

5 

25. 20 

21. 85 

13-93 

4 - 04 

6-37 

3.08 

19.25 

7 

35 - 73 

24-57 

9-45 

3-99 

4 - 63 

2-45 

15-31 

9 

1 45-42 ; 

4 75 

5-43 

4-44 

2.58 

2. 09 

i 13-06 

II 

1 56-89! 

II- 59 

3.01 

4. 81 

2.62 

2.14 

i 13-37 

13 

: 57 - 23 ! 

9-55 i 

2. 64 

5-25 

2. 81 

2. 01 

12.56 

15 

58-91 

8.32 

2. 24 

5-05 

2-35 

2.03 

12. 70 

17 

1 59 - IS 

7. 86 

1.97 

5.01 

2-39 ' 

2. 10 ' 

13. 12 

19 

j 60. 41 

5 - 85 

1.77 

6. 01 

2.30 ’ 

2. 20 

13-75 


The chief changes in the percentage composition of the solids in the 
com during ripening consist in the depletion of sugars and the increase 
in starch. In the very early stages the reducing sugars predominate but 
very rapidly decrease as ripening proceeds. The percentage of cane sugar 
increases until a maximum is reached and then decreases as the starch 
increases. The reducing sugars predominate at the stage of highest 
total sugar content; therefore this stage does not necessarily coincide 
with the stage of greatest sweetness, as the reducing sugars are not nearly 
as sweet as cane sugar. The highest content of the latter sugar is the stage 
of greatest sweetness. The changes in the percentage of fat, crude fiber, 
and total nitrogen occur during the very early stages of ripening. For the 
remainder of the ripening period these percentages remain fairly constant. 

The formation and storage of starch is the chief process occurring in 
the kernels during ripening. This is the resultant of a number of com- 
plex processes in the plant, but it seems safe to conclude that the rate of 
starch synthesis in the kernels is the controlling factor for several sup- 
plementary processes in the ripening of the com. For example, the rate 
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of movement of soluble carbohydrates from the st^ns and cob to the 
kernels and the rate of hydrolysis of cane sugar in the kernels are both 
controlled by the rate of starch formation. Most of tiie starch that is 
stored in the k^els during ripening is formed from carbohydrates 
already stored in the stem and cob when kemd formation begins. The 
intenrity of respiration does not change the ratios of the different car- 

bohydrate constituents in the ripe com.^ The cwbofaydrate transforma- 
tions being reverrible, their ffnal o^uihbrium positioi^ are maintained 



Two crops of com from the same source of seed were planted so t a 
the fimt crop would ripen in At«ust and the second in the^coo au 
In order to compare the ripening rates of tte eariy tie 

oeccssary to ft mcawre <rf the rate d^pening. The 






Tmp^etwe E§cmcy for Ripening of Sweetcorn 


799 


fatio of total sugar to starch was adopted for this purpose. Table II 
and figure i Show the chai^ in percent^e of moisture, total sugar and 
starch, and also the chaagi^ ratio of sugar to starch in equal times for 
the two seasons, starting with the same stage of ripening in both cases. 
By compaiii^ these ratios it will be noted that the late crop required 15 
days to reach the same stage of rip^ng as the early crop reached in 6 
days. In other words, the rate of ripening was two and one-half times 
faster in the early crop than in the late crop. During this period of 
ripening the starch content in the early crop increased from about 2.5 
per cent to 10.5 pot cent, and in the late crop from about 2.7 per cent to 
10 pet cent At the end of this ripening period the sugar to starch 
ratios were 0*559 and 0.500, respectively, and the chemical composition 
was such that it probably represented the best edible stage. By the nail 
test the com was in the typical milk stage, but a subsequent paper will 
show that the chemical composition of the corn changes considerably 
during the so-called milk stage. 

Table II. — Compafison of early and laU crops of sweetcorn in respect to changes in per- 
centage composition in equal lengths of time 




Early crop. 



Late 

crop. 


Time from^ first 
examiaatioD. 

Moisture. 

Total 

sueais. 

Starch. 

Ratio of 
sugar to 
starch. 

Moisture. 

Total 

sugars. 

Starch. 

Ratio of 
sugar to 
starch. 

Days, 

0 

86.55 

5-39 

2.47 

2. 187 

88.27 

6.13 

2. 72 

2.300 

2 

84.21 

5-90 

3 - 98 

544 

88.83 

5-69 

2.32 ; 

2-459 

4 

80.63 1 

6.^ 

6. 92 

.868 

86.97 

5 - 78 

2. 86 j 

2.168 

6 

75-89 1 

1 6.09 

10. 95 

556 

, 85-56 

5 - 53 

3 - 39 '! 

^■747 

8 

72-05 ! 

4.31 1 

15*901 

. 264 

85. 21 

5 - 56 ' 

3-851 

1.448 

10 

70. 47 

3-75 

16.93 

. 219 

83.80 

6. 30 

5-48 ' 

i 1. 164 

12 1 

67. 78 

3 - 50 ' 

18.98 

.183 

81.56 

5.62 

6, 90 

i -879 

14 ' 

65- 51 

3*55 ' 

20.42 

.170 

79.26 

5.26 

8, 71 i 

1 

15 

64. 98 

3.02 

20. 94 

. 149 

77.69 

5.08 

10. 09 



0 Same stage oi ripening as late crop on fifteenth day. 
^ Same stage of ripetung as early crop on sbcth day, 


EVALUATION OF CLIMATE TEMPERATURE EFFICIENCY FOR THE 
RIPENING PROCESSES IN SWEETCORN 

Since both the early and late crops of com were grown from the same 
source of seed and on the same type of soil, the great difference in the 
rate of ripening must have been due to the different climatic conditions 
which prevailed during the ripening periods. Of the climatic conditions, 
temperature was the most important variable. The averages of the hourly 
mean temperatures for the ripening periods of the early and late crops 
were 83® and 65® F., respectively. The ripening processes being either 
chemical or Sependent upon chemical processes, the prevailing tem- 
peratures for the two periods would be expected to have a very different 
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influence on the rate of ripening. But these ordinary temper 
readings do not furnish a basis for a quantitative comparison of tlie te ^ 
perature efficiency in reference to these processes. 

Various methods have been proposed for interpreting the obs 
climatic temperatures in different localities and for different seasons ’ 
the same locality, with reference to plant growth. Three of tr, 
methods were applied to the fairly definite set of physico^chemM 
processes involved in the ripening of sweetcom. Tlie method 
employed was one of direct temperature sumtnarion, rimilar to tha 
described by MacDougal.^ 

The integration was performed, with a planimeter, upon themio?ra h 
records. The area between the 40® F. line and the pen tracing for ea^ 
day of the two ripening periods w^as first measured. Then the mean 
temperature for each hour of a chosen day was computed from a thermo 
graph record, and 40 was subtracted from each hourly temperature ^ 
The sum of these results divided by the planimeter reading for the same 
day gave a factor by which the planimeter reading for any 24-hour 
period could be converted into hour-degree units of effective temperature 
The total number of hour-degree units was computed for the 6- and 15-day 
ripening periods of the early and late crops, respectively. These units 
express both the intensity and duration aspects of the temperature 
factor. The adoption of the 40° as the starting point for the temperature 
summations was based upon the facts that carbohydrate changes are 
chiefly involved in ripening and that carbohydrate transformations in 
green com during storage are extremely slow below this temperature. 

The results of the direct temperature summations given in Table III 
show a slightly greater total number of hour-degree units of effective 
temperature in favor of the late crop. Stevens and Higgins^ have 
shown that the temperature of green com on the stalk in the shade is 
nearly that of the air, while in the sun it is often above that of the air. 
The period of ripening for the early crop here considered was character- 
ized by high temperature and dear days, while the ripening period of 
the late crop contained 2,5 times as many days, many of which were 
doudy. Since the temperatute records from which the units of effective 
temperature were computed were taken in an instrument shelter, the 
sum of the hour-degree units for the eariy crop is probably a little less 
than actually required. 

Livingston and Livingston/ realizing the need of some fundamental 
prindple of physiology upon which to base the value of temperature 


iMAcDooau, D, T. nsmimuTVXi of tw »oa. /* Joor N. Y. Bot. Gftrdcfl.v.j, no. sh p 

itomb m tonWi«d by Dt . BkI S. Jolmitoii erf tht Ubonitory of Planf Pathology, 

fp SWUETCORA'. 


NcaE .ftMl HiCCISIS. C. H. TIWfWtAW** W MIATIOW to QOAUTY 
|0Jf.Atf.lUM»icb.v. tn AO. 6 . 0 . 175 *^ **'»• tHmloffcit*d,p. 183-384. 

<LivnMifoM. Biirboi mA UfiRonoM, Oia« Johawa. T«iini«ATO»K 

nAin caKx«Ar«y oatASoAOev. Ga*., y. ^ ao. s. p. i 
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summations, were the first to apply velocity coefficients to the study of 
effective climatic temperature conditions for plant growth. Upon the 
basic assumption that the growth rate is unity at 40" F. and that it 
doubles for each rise of 10® C. (r8® F.), they deduced temperature 
efficiency values corresponding to temperatures, in whole numbers, from 
40^^ to 99° efficiency values are spoken of as exponential 

indices. Since the rate of the carbohydrate changes in com after it is 
pulled has a temperature coefficient of about 2 for a range of tempera- 
ture beyond the limits of the climatic temperature for either ripening 
period, and since the chief process during ripening is the conversion of 
sugar into starch, the exponential indices would be expected to furnish 
the best cntena of the temperature efficiency for the ripening processes 
in sweetcom. In Table HI are given the sums of the exponential indices 
corresponding to the daily mean temperatures of each ripening period 
under consideration, as well as the average daily index for each period. 
The average daily index for the early season is 2.5 times greater than 
that of the late season. If these indices furnish an approximate criterion 
of the temperature efficiency for ripening of sweetcom, the ripening 
should have proceeded 2.5 times faster during the early ripening period 
than during the late ripening period. The experimental data show that 
this was actually the case; the late season required 15 days to carry 
the com to the same stage of ripening that required only 6 days in the 
early season, a time ratio of 2.5. 

More recently Livingston' has derived a new set of temperature 
indices which he terms physiological indices, since they are based upon 
Lehenbauer’s actual measurements of the hourly rate of elongation of 
the shoots of seedling maize plants. For the sake of comparison these 
indices for the two ripening periods are also given in Table III, but it 
will be seen at once that they do not furnish even an approximate cri- 
terion of the temperature efficiency for the ripening processes in sweet- 
com. This may be at least partially explained by the fact that, for 
the processes under consideration, the principle of Yan't Hoff and 
Arrhenius seems to hold for rather a wide range of temperature, while 
in the elongation of maize shoots it holds only for a range of tempera- 
ture from about 20® to 30° C. 

^ Livinoston, Burton Edward, physiologicai, trmpekature indices for the study of plant 
GROWTH in relation to cumatb conditions. In Physiol. Researches, v. i, no. S, p- 399-430, 4 fig, 
1916. Literature cited, p. 430. 
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Tawub 


Cicp. 

Tunc, 
between 
premilk 
udbest 
edible mine 
stages. 

HouT' 

dem 

nmtSi 

1 Sxpoiicntlel indi^ 1 

1 

Sam. 

Average. 

Sam, 

Av€raje_ 

Early 

Days, 

6 

15 

6,435 

7)393 

31. 81 

33. 32 

5 - 3^0 
3 * 145® 

640 

319 

107. 0 

21.3 

i 

Late 



EXPONENTIAL INDICES AS A BASIS FOR AN APPROXIMATE PREDic. 
TION OF THE RATE OF RIPENING IN SWEETCORN 


Since the rate of ripening appears to be inver^y proportional to the 
exponential indices, the proportions 

6 : * : : y : 5. 3020 

2 :x : :y :$* 3020 

furnish a basis for an approximate prediction of the number of days in 
different localities and for different seasons in the same locality required 
for com to pass from the premilk stage to the best edible milk stage, 
and also the maximum number of days that the com may be expected 
to remain in this condition. The first term of the first proportion is the 
number of days actually required for an early crop to pass from the pre- 
milk to the best edible stage, or from a starch content of about 2.4 per 
cent to one of 1 1 per cent. The first term of the second proportion is 
the maximum number of days that the com of the early crop here con- 
sidered remained in the best edible condition. The last term of the 
proportions is the average of the exponential indices corresponding to 
the daily mean temperatures for the 6 -day period. By substituting for 
y in these proportions the average of the exponential indices derived from 
the normal daily mean temperatures for any season of any locality, the 
value of X in the first proportion gives the approximate number of days 
on the average that will be required for the com to pass from the pre- 
milk to the best edible condition. The value of * in the second propor- 
tion gives the number of days that the com may be expected to remain 
in this condition. 

Table IV gives the values of * for the usual ripening seasons of 
four sweetcom localities which show considerable variation in the normal 
mean temperature for the ripening periods. In this calculation, the 
normal mean temperatures calculated by Bigelow* were employed. 

’ Bionow. F. H. M* X>AaY HOSMAL ntMrBKATDWI AWD IIAII.T ItOMiAl. WOmATION OF THE UNITED 
stahs. U. S. Dept Agr.WcHlicr Bur. Bal. R. 186 p. 190I 
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jiaf* ^ ^ ... 


ripening seasons 


f ik$ fates of sweeicom ripening in different localities, hosed 
corresponding to ike normal vmn imperaiures of the 


lioaSity, 


Charleston, S. C. 
Baltimore, Md. . 


New Haven, Conn. 


Portland, Me, 


Ripening season. 

Time be- 
tween pre- 
milk and 
best edible 
milk stage. 

IrWgth cl 
time in 
best edible 
stage. 

J\me 17 to 31 

Days. 

Days, 

7.0 

2 - 5 

July I to 15 

6-5 

2.0 

Aug. I to 15 

8. 0 

2-5 

Aug. 16 to 31 1 

8-5 

3-0 

Sept, t to 15 ' 

9-5 

3-0 

Sept. 16 to 30 

II - 5 

4.0 

Oct. I to 15 

14. 0 

5-0 

. Aug. I to 15 

9-5 

3-0 

Aug. 16 to 31 

10.5 

3-5 

. Sept. I to 15 

14. 0 

4-5 

Sept. 16 to 30 

16, 0 

5-5 


The results given in Table IV are simply the average expectations, 
calculated for a 20-year period. If the mean temperature for a particular 
season deviates to any considerable extent from the normal mean, the 
rate of ripening for this season will be greater or less, depending upon the 
direction of the deviation, than that calculated from the normal mean 
temperature. In order to test the possible magnitude of deviation from 
the average expectation, the ripening rates were calculated for the highest 
and lowest mean August temperature at Baltimore from 1871-1918. 
These results together with those calculated from the normal mean 
August temperature for the same period are given in Table V. Data 
were not available from which to derive the exponential indices cor- 
responding to the daily mean temperatures for the month as w’as done 
in calculating the data from normal mean temperatures given in Table 
III. However, the results suffice to indicate that for the most extreme 
seasons the number of days required for the two periods of ripening 
under consideration would not vary more than a day or two in either 
direction from the calculated average. If the particular season in 
question is unusually hot, one day would have to be subtracted from the 
average prediction. If, on the other hand, the season is unusually cool, 
one day would have to be added to the average expectation. This 
applies particularly to Maryland conditions. 

In making the foregoing predictions it. was assumed that most of the 
ears of a given crop will ripen at practically the same rate. This was 
found to be true in the experimental crops grown from home-selected 
seed. For canning purposes it is essential to use seed that will insure 
the maximum uniformity in ripening. 
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Table V -Rate of sweelcom ripning during the month of August, cakuhled fn„ 

1 ABLE V. J Baltmore temperatures 


Tempeiaturt. 

Exponen- 
tial index. 

Time 
between 
pte-milk 
wd best 
cdibltstage. 

of 

time in 

bestediijig 

stage, 


3. 8480 

4. 6663 

3 ' 4283 

Days. 

8.3 
6,8 

9.3 

Days, 

2 - 7 

2.3 

3 - 1 

Nonual mean, 75*3 ’ 0 op„ i? 

Highest monthly mean. 1871 J 

I/jwest monthly mean, 1871-1918, 72 ° ^ 


Stevens and Higgins state that the corn-picking season in Maryland 
has a much higher average temperature than the corresponding season 
in Maine the difference being sufficient to cause considerably greater 
deterioration in picked com during a given periodd They also derived 
the exponential and physiological indices corresponding to the daily 
normal temperatures for the corn-canning seasons of both localities. 
The means of these two sets of indices were both greater for Baltimore, 
Md than for PorUand, Me.; but they were unable to decide which 
method furnishes the best criteria of the relative rates of deterioration of 
nicked com in the two localities. The data presented in this paper and 
t a previous paper by Appleman and Arthur’ lend support to the 
exponential indices as a good measure of the relative chmatic tern- 
pemture efficiency for the deterioration of picked com m different 

Quality of canned com may be influenced not only by the tern- 
neratuie at which the com is handled but also by the effect of tempera- 
tore on the rate of ripening. A slow rate of ri^g gn'es a greater 
range in the number of days that the com may be picked in good con- 
dition Com that ripens in very warm seasons, for example in the 
month of August in Maryland, requires very close attention lest the best 
Zffa pkS 1« *»«<l » p.^. The dhtt m to p.l«> 

Itould f«!I*h a mote letioto btto to picMof ««» 

SUMMARY 

eonsisu in tl^letion of sugars and the 

In the very early stages of ripening the r^ucmg 
therefore the stage of highest total sugar content does 
cmndde with the stage of gr eatest sweetness. 

• *««<«. ^11? XS!' Of. at. 

I jljfUMAWa 0.» JW® 



,.5« Temperature Efficiency for Ripening of Sweetcorn 805 

Calculated as percentages of dry weight, the changes in fat, crude 
. gjid total nitrogen occur during the very early stages of ripening, 
por the remainder of the ripening period these percentages remain 
fairly constant. 

The rate of starch synthesis in the kernels seems to be the controlling 
tor for several supplementary processes. The rate at which the ratio 
^total sugar to starch decreases is a good measure of the ripening rate 

id was employed for that purpose. 

Temperature is the controlling factor for the rate of ripening in sweet- 
geveral temperature indices were employed to evaluate climatic 
r perature efficiency for the ripening processes. The exponential 
iiices were found to furnish the best criteria of the temperature effi- 
ciency for sweetcom ripening. 

A late crop of com required 15 days for the same period of ripening 
that required only 6 days for an early crop, a time ratio of 2.5. The 
averages of the daily exponential indices for the two seasons were prac- 
Lally in the same ratio. Therefore, the rate of ripening in sweetcom, 
mthin a wide range of temperature, appears to adhere rather strictly 
to the Van’t Hoff-Arrhenius principle. 

The rate of ripening being inversely proportional to the exponential 
indices, a basis was furnished for an approximate prediction of the 
number of days required in different localities and at different seasons 
in the same locality for com to pass from the beginning of kernel forma- 
tion to the best edible stage, as well as the maximum number of days 
that the com may be expected to remain in this condition. 




SOME LEPIDOPTERA LIKEEY TO BE CONFUSED WTTr 
THE PINK BOEEWORM 

By Carl Hrinrich ^ 

spimlist on Fonsi UpidopUra, Bureau of EnUmohgy, United States Department 
of Agriculture 

INTRODUCTION 

The purpose of the present paper is to define the characters which will 
distinguish the larva and pupa of the pink bollworm, Pectinophora 
gossypicUor Saunders, from those of other Lepidoptera attacking cotton 
or related malvaceous plants and of still others feeding on plants 
other than malvaceous but frequently found in the neighborhood of 
cotton fields. A few {Dkymolomia juliamHs Walker and Crocidosema 
piehekna Zeller, for example) so closely resemble the pink boUworni in their 
habits and thdr larval stages that they are only to be distinguished by a 
careful examination of their structure. It is hoped that the present 
paper will make the differentiating characters dear and will enable 
entomological workers to distinguish the forms treated. 

The field work upon which this paper is based was conducted through- 
out the area in southeastern Texas where the pink bollworm has been 
found to occur, as well as in Cameron County, at the southern extremity 
of the State. Special attention was devoted to discovering whether the 
pink bollworm was attacking plants other than cotton. Thousands of 
seed pods of okra and other malvaceous plants were examined. In one 
case, at Smiths Point, in Chambers County, all the seed pods of a plant 
related to cotton {Hibiscus lasiocarpus), grounng in the immediate 
vicinity of a field where a heavy infestation by the pink bollworm had 
occurred during a previous year, were removed and given minute exami- 
nation. Similar investigations were made with reference to other ^vild 
and cultivated malvaceous plants growling in or about fields where the 

* This study was oooceived and arnmfed by Dt. W. D. Hunter, in charge of the Pink Ballwoim 
hradicatic®, to aid the wotic of his inspectors. To the necessary preliminary field work the following 
eutoinologists were detailed by Dr Hunter; H. C. Hanson, J. D. More, E. t. Diven. A. C. Johnson, and 
Carl Heinrich. For a short period Mr. Herbert Barber was also associated with the work. The material 
notes on which the paper is based are all due to these workers. Especial mention should be made of 
Emersun Eiscunx Diven, who had a major part in the investigations and who lost his life in an aeroplane 
Mcideat while scouting for cotton areas and who, had he lived, would have worked up the results as 
here given. 

IrV ith the exception of Plate 107, all the drawings accompanying this paper were made under the writer’s 
su^ryision by Mr. H, B. Bradford, of Uie Bureau trf Entomology. Plate 107 (also originally by Mr. Dtad- 
0 ) li reproduced from Busdt’s article on the pink bollworm (/ji Jour. Agr. Research, vol. 9, no. 10, p. 
34Jy 70, 1917). The writer is especially indebted toMr. Bradford for his painstaking and accurate drawings. 

0 Mr. Busck the writer is indebted for many helr^ul suggestirms and both to him and to Dr. Dyar for 
venficatioa of some of the identificatioiis. 
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pink bollworm had been found. In no instance was the pink bollworm 
found in any plant othef than cotton. 

Thirty-eight species are considered here. Of these, six are described 
as new, and four, already described, are recorded for the first time from 
the United States. In each case the male genitalia of the type specimen 
of the new species are figured, the essential larval and pupal characters 
are referred to in the text as fully as possible, and purely descriptive 
matter is reduced to a minimum. 


FAMILY GELECHIIDAE 

PECTINOPHORA GOSSYPIELLA (SAUNDERS), THE PINK BOI^lworm 

(PL. loi, A, b; 103, a; 105, c, E; 106, a; 107, a-d) 

Oepressaria gossypiella Saunders. 1843, in Trans. Ent. Soc. London, v. 3, pt.4, 
p. 284-285. . 

Peciinoph&ra gossypitlla Bt 33 c)l, I 9 I 7 > ^gr. Research, v. 9, no. 10, 

p. 343 - 370 ’ 

Inasmuch as the immature stages of the pink bollworm have been 
already fully described in an earlier number of this journal ‘ it will be 
necessary here only to point out the structural characters which irill 
serve to identify its larva and pupa and distinguish them from those of 
other Lepidoptera which, because of their habits, food plants, or general 
appearance, might be mistaken for Pectinophora gossypiella. Ihcre is 
no easy and ready-made method which will enable a layman to distinguish 
an insect and be wrtain of its identity. This applies with particular force 
to the pink bollworm. As Busck well statesr- 

Definite and final determination ot P. goaypUlla in any st^e can be made only by 
the aid of a mioroscope 

and he might have added, only by one reasonably experienced in insect 
determination and familiar with the characters used in classifying 
Lepidoptera. Neverthdess the pink boUworm has structural characters 
by which it can be determined and its identity established beyond the 

nLilrilityofdoubt Thespecialistalonecanpassuponthcsewithcertamty: 

b^the average intefligcnt worker in the fidd can also use them far 
owugh at least to say what larvse or pupse commonly found m and about 

cotton fidds can not be P. gossypiella. 

The combination of the foUowing character disUngmshes the larrs 

of the pink boUworm; , , t ts 

T*«r (in. IV. «d V) ni-agularly gmupcd on the pwspimcular sluckl of tbe 

‘tL ni 1.*...) .1. ~ •■e'k 

(Avni). . ■ 

‘'1 •nil* m watjAwanM. rncmaimMA oo«ff«** 


MJour. 
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On the ninth abdominal segment (Aix) the paired dorsal seta II not on a single 
pinaculnm (chitinited_ plate) and not appreciably closer together than the paired I 
L the dorsum of the eighth abdominal segment; setaino nearer to III than toll- VI 
closely IV and V; group VII unisetose. 

Prothotacic legs appreciably separated at their base. No anal fork on tenth abdom- 
inal segment. Crochetsof abdominal prolegs uniordinal and arranged inacirde broken 
outwardly. (PI. 106, A.) ^ 

On each side of the thoracic shield nea Seta P a small crescent or reniform spot (PI 
J03 A) surrounding chitinized area. 

On the epicraaium the lateral seta (U) behind the level of P‘ and remote from 
(that is, farther from than A® is from A^) and the anterior puncture (A^) Ipng 
Jfetween set® A^ and A^. (PI. ioi> A.) 

Each of these characters is possessed by other lepidopterous larvae, 
but their combination is peculiar to Pectinophora gossypiella. No other 
known larva that we have in this country possesses them all, I have not 
seen caterpillars of {Gelechia) Pectinophora malvella Zeller,^ the only other 
known species of the genus Pectinophora, or of Plaiyedra vilella Zeller, 
which Meyrick considers congeneric with Pectinophora gossypiella} 
These may have most or all of the structural characters here given, but 
as neither of them occurs outside of the Old World they do not concern 
us at present. 

The setal characters are fully illustrated on Plates loi, 103, and 105. 
It will be noted that two slight changes have been made from the drawings 
published in Busck's paper. The numbering of abdominal setae IV 
and V has been reversed to correspond with our present conception of 
the homologies of these setae; and the lateral puncture (L“) of the 
epicranium is shown directly posterior to rather than postero-ventrad of 
seta L^ ‘ In Busck’s figures® the puncture is much too low. 

The pupa (PI. 107, A~D) is evenly and densely clothed with a fine 
pubescence; moderately stout, with a short, hooked cremaster surrounded 
by 6 to 8 stout, hooked setae but without dorsal spines or other armature; 
labial palpi absent; maxillary palpi long, extending four-fifths of the 
wing length; antennae long but not quite reaching to tips of wings; 
vertex distinct but narrower than prothorax. 

No other lepidopteron feeding on malvaceous planes in this country 
has such a pupa. The fine pubescence and short, hooked cremaster are 
easily discernible imder a small hand lens and are enough to identify the 
pupa which, when once seen, is not likely to be confused with that of 
any other cotton-feeding species, 

1 After this paper had jone to the printer we received from the Abb 4 J. de Joannis of Paris a larva of 
Pectinophora vuUvtlla. The structural characters are the same as those of Pectinophora oossypiella. 

^ The Abb6 joannis also sent us a wial** moth of Piatyedra vUeUa , A comparison of the genitalia of this 
and Pictifwphora aoSfypUUa does not support Meyrick’s contention. 

® Buses, August. OP. or., I9J7, p. ^48, fig. a. B. 
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GBtECHIA BJBISCSLW BUSCK . 

(PI,. 93 , c) 

GtUcUa UbisctUa Busck, 1903, in Proc. U. S. Nst. Hus., v. 25, p. 869-871, 
Gthckia hibiscdla Btisck. 1903. *« Dy»r. Ust North Amer. lep., no. 573,. 


This spedM was originally described from larvw collected on llihisas 
moscheuios in the vicinity of Washington, D. C. 

On the shores of Miller's Lake and Lake Charlotte in Chambers Co,, 
Tex., we found the larvse fairly abundant in early September (1918) on 
both Hibiscus lasiocarpus and H. milUaris and also occarionally on Kos- 
idezkya spp. During October (rf the same year adults were reared from 
these. The male genitalia compared with those of typical specimens 
from the type locality agree in all details. A ^re of the elaborate 
and characteristic genitalia is given in Plate 93, C. 

Gekckia hibiscdla seems to be limited in food plant to Hibiscus and 
one or two other closely allied Malvaceae. We have never found it on 
cotton or okra, but there seems to be no reason why it should not thrive 
on these. The feeding habits vary somewhat according to the charac- 
ters of the plant on which the larvse feed. On the broader-leaved Hibis- 
cus moscheuios around Washington and the amilar H . lasiocarpus in Texas 
the larvse feed chiefly on the leaves, rolling them up and partially biting 
through the stems brfore pupation so that the folded leaf is easily shaken 
to the ground by a slight wind. Within this roll they pupate. Occa- 
rionally the larvse also attack the seed pods, but from the writer's obser- 
vation this is rather rare in the broad-leaved species of Hibiscus. In 
the narrow-leaved H. mUitaris and in Kosidezkya spp., on the other 
hand the habits are quite different Here the larvae feed chiefly in the 
flowm and seed pods, pupating in the withered flowers, and do not 


attack or use the leaves at all. . „ , 

There is no possilriUty erf confuang this speaes with Pedimphm 
aossypidla The larvae as well as adults ol the two are very different, 
to G^ia hibiscdla the body d the larva from the beginniug of the 
metathoradc segment to the caudal end is white, longitudinally marked 
with continuous, narrow, somewhat wavy, reddish brown stnpes one 
Sr rXe do.;n«n. lying between the paired set* I; one subdo^ 
SLs on «(* side, above seta III, and a lateral stri^ m the spiracular 
area. Btcept on the metathoradc and ninth abdominal se^en s non 
^he STtubUks are touched by the tongitudinal stnpes but Ire 

liL^ onSTwhite areas. The first two thorecic segments are 

The dAhfixatkms about body tubercto . , g„ed crochets 

btack or midA brtmn. brown; 

ol prekg* ««*«« Woidiirel nnd yellow-brown, 

1 {bik pment, lathtf stout, 6- to 8-pronged, 
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or less sufiused and mottled with black; ocellar pigmeat black 
continuous under aU the ocelli. Full-grown larvae 22 to 23 mm lon^ ’ 
The only cateipillM t^ted in this paper which could easily be con- 
fused with this species is that of Geiechm rteotrophella Heinrich The 
latter, however, is at once distinguished by its 2-pronged anal fork and 
the fusing of the middorsal stripes on most of the abdominal segments. 

G 6 LECH 1 A BOSQUKl/IvA CHAMBERS 

Gelechia bosquella Chambers, 1878, in Bull. U. S. Geol. Surv. Terr y 4 n 8? 
Geleckia bosquella Busck, 1903, in Byar, List North Amer. Up., no! 5729. ' 

A single moth of this spedes.was reared September 23, 1918, from 
Cassia tora infested by larvae of Platynoia rostram Walker, collected at 
Turtle Bayou, Tex. This species is not a malvaceous feeder and is only 
mentioned here on account of the similarity of its larva to those of two 
other species treated in this paper, Borkhausenia diveni Heinrich and 
Noctuelia rufofascialis Stephens. It is very strikingly colored, the three 
thoracic segments being a bright wine-red while the rest of the body is 

green. The head, legs, thoradc shield, and body tubercles are black. The 

red coloring of the thoracic segments, however, is not continuous as in 
the two species just mentioned but is broken on the anterior portion of 
the meathtorax by a broad encircling band of the greenish body color. 
- A detailed technical description of the larva is given by Dyar in Busck’s 
revision of the American Gelechiidae.^ 

. GELECHIA NEOTROPHELI.A, N. SP. 

(PE. 94, C-G; 105, h) 

Gelechia neoin^elk, n. sp. 

Antennae black. Palpi black, dusted with white. Face black, very slightly dusted 
with white. Head and thorax: black, heavily dusted with white. Forewings black, 
marked with overlaid white scales; the white dustings over the black fonning an 
oblique, basal gmyish-'^ite patch wider on dorsum than on costa, an obscure, rather 
broad median fascia consisting of ananow, oblique median streak clouded with grayish 
before and behind, and a short white geminate costal dash at apical fourth; cilia smoky 
blackish fuscous. Hind wings and cilia pale smoky fuscous, somewhat shaded with 
black toward apex. Legs black, dusted and amiulated with white. Male genitalia 
of type as figured (PI. 94, C'-G). Alar expanse 12 to 13 mm. 

Habitat. — Brownsville, Tex. (Diven and Heinrich). 

Food PtAUT.—Afimofa berlandieri. Larva a leaf-tier, spinning a tube of silk as it 
feeds and so binding the leaves tc^ether. 

Type.— C at. No. 23739, United ^tes National Museum. 

Described from one male type and two male and six female paratypes. 
Two generations were noted. From lart^se collected February 3, 1919, 
moths issued March 5, and from larvae put in rearing early in May, 1919, 
adults emerged toward the end of the same month^ 

^ BuscK, August. A RUTUIOnOt TBS ABBSICAM MOTHS Or TKS PAlcaY GELECHEDAE, VITH oESC&ff- 
tiONs OB NEW SPBCIM. In Pfoc. U. S. N*t. Mw.. V. »S. no. 1304 ,P- 864-865. 1903. 

29666 ®~- 2 l 2 
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The larva is yellowish white, longitudinally strip^ with wine-red; 
on! mt^broad middorsal stripe dividing into two thin parcel stripes 
from the second abdominal segment forward; om moderately broad 
siihdorsal and one lateral stripe extending from hind ma^ of prothorax 
iSg - Ae ninth abdominal segment and fo^.on the tenth 
THark boiler around the outer edge of the anal ^d; in the area of 
Vl^Smilar narrow sublateral stripe; head and th^c shreld pale 
seta VI a ^ ^ordinal and arrai^ in a complete 

„ .h,.™ « 93, A 

^ »r -9. .. b. confuse m.b «» boll.<^ 

The IS in superficial appearance. It resembles 

h the WM, al», thb J»9l >tHl« «e 

TElrPHUSA MARIONA, N. SP. 

(PL. 94. A, b; 105. F; 109, g) 

Telphusamariona, n. sp. to white on upper ade of second 

Antenna black. P^pi of basal Joint black. Face 

apical haU of third jomt ^ith two conspicuous 

Head and thorax outer third of the other, 

cream-colored spots, one, dorsum Just beyond middle; in some spew- 

an irregular spot of a^ut ® patches of white or cream-colored scales atag 

Bens two or three cilia smoky foscous. Legs black, ringed at 

figured (PL 94. A. B). C. Hanson). 

Also taken on AWita 

D«cribed Imm male type and 25 mde m 

ta U™. »»««» » “ 'XXdU. X X .90. 

incanum. Moths issued from slender. Body yellowish \vhite 

Tarva, full-grown, 6.5 to 7 mm. g. blotciies and 

f^^tuS^orilS VonlSti 
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bdorsal and lateral spots are also fused; legs pak yellow; crochets 
Zht brown, 18 to 20 in a complete circle, unevenly biordinal; thoracic 
shield divided by a thin median longitudinal pale line, yellow with a 
broad shading of fuscous on the lateral extremities and a smaller fuscous 
atch at the center of the anterior dorsal margin; anal shield yellow 
literally shaded with fuscous; other chitinized areas smoky fuscous, 
tubercles moderately chitinized; hairs moderately long, slender, yellowish. 
Head light yellow with a narrow black shadmg at posterior lateral incision 
of hind margin and a similar black dash on ventral margin of epicranium 
adjacent to triangular plate of hypostoma; ocellar pigment black, con- 
tinuous under all the ocelli. 

Xhe larva is very similar in superficial appearance to the scavenger 
worm {Pyroderces rUeyi Wlsm.). It differs most strikingly in the ar- 
rangement of the red markings, which are in spots or blotches rather 
than in continuous bands, and in the possession of a well-developed 
anal fork (PI- entirely lacking in P, rUeyi and the pink bollworm. 

The pupa is easily distinguished from those of the other Lepidoptera 
treated in this paper by the peculiarly scalloped and fringed posterior 
margin of its eighth abdominal segment. (PI. 109, G.) 

ISOPHRICTIS SIMILIELLA (CHAMBERS) ^ 

(PL. 95 , a; 102, F) 

Gelechia similiella Chambers, 1872, in Canad. Ent., v. 4, p. 193. 

Paltodora similUlla Busck, 1903, in Dyar, List North Amer. Lep., no. 5548. 

In the dead flower heads of Rudbeckia sp. (commonly called “nigger 
heads” in many parts of Texas) there are two species of lepidopterous 
larv^se which many nonentomologists have confused with Pectinophora 
gossypiella. One of these when mature is about the same size as and 
superficially like a full-growm pink bollworm. It is an olethreutid, how- 
ever, and as such is easily distinguished by the setal arrangement of the 
ninth segment which readily separates the two families Gelechiidae and 
Olethreutidae. In the fonner the paired setae II on the dorsum of the 
ninth segment are no closer together than the paired setae I on the dorsum 
of abdominal segment 8 (Pi. 105, -C) and I is as near II as it is III on the 
ninth abdominal segment. In the Olethreutidae, on the other hand, 
the paired II on the dorsum of the ninth abdominal segment are on a 
single chitinization and closer together than the paired I on the eighth 
abdominal segment. Also I and III are closely approximate (PI. 105, B). 
We have not succeeded in rearing the moth, so specific detennination 
can not be given. The family position of the laiA*a, however, is certain. 

^ The genus Isophrictis has beta erected by Meyrick for those species fonnerty listed under tha^genus 
altodora Meyrick havmg the second joint the labial palpi clothed beneath with long rough spreading 
aits and having veins 7 and 8 of fmewings out of 6. It replaces Paltodora for the North American species. 
• eyrick.E. on the genus paltodora. /»»Ent.Mo.Maf.,v. 53,no. 636IS. a.v.j.no. 291.P- 
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The other Rudbeckk feeder (IsopkricHs similieUa Chambers) belo 
to the same family as the pink boUworm and is much more abundant ^ 


less local than the olethreutid. It feeds on the seeds of a 


number of 


Compositae and is frequently found in sunflower heads« Hje larva wh 
mature often has a pinkish tinge and somewhat resembles an immature 
pink boUworm except for its shape, which is dktinctly spindledi^ 
sharply tapering at both ends and decidedly stout for its length (i ^ toa 
mm. wide by 5 mm. long in full-grown specimens). The arrangement of 
the setae of the anterior group on the epicranium is also characteristic 
A^ A*, and A* are crowded very close together on the anterior dorsal part 
of the head and LS while remote from A* as in most Gelechiidae, is well 
forward near the ocelli. (PL 102, F.) 

The pupa shows under the microscope a slight pubescence similar to 
that of PecHnophora gossypieUa but this is limited to the head alom 
Otherwise, except for the normal setae and a sharp, thom-like, dmally 
projecting cremaster, the pupa is smooth. It is short and moderately 
stout (1.5 mm. broad by 5.5 to 6 mm. long) with the wing cases rcachit^ 
nearly to and the metathoracic legs extending a trifle beyond the tip 
of the abdomen. 

Several moths of this species were reared from larvae collected at 
various points in Chambers County and in the neighborhood 01 Galveston 
and Houston. Lairvae were collected in late August and early September, 
1918, and adults issued from these from the middle to the end of Septem- 
ber the same year. Other larvae, taken in October of 1918, produced 
moths the following May, passing the winter as pupae within the dried 
flower heads. 

The male genitalia of the moth are figured in Plate 95, A. 


FAMILY OECOPHORIDAE 


BORKHAUSENIA DIVHNl, N. SP. 

(PL. 96, C-F) 

Borkhanseoia direoi, n. sp. 

Antemuc white, faintly annntetfd with fuscous above. Palpi blackish fuscous, 
broadly banded at hist and apex of third joint with white; inner sides somewhat 
dusted with white scales. Face white. Head white with a slight suffusion of fuscous 
at vertex. Thorax white, heavily dusted with blackish fuscous; teguls white, basal 
half blackish fuscous. Fbrewinga white, aaflfuscd and mottled with pale bro^^■n and 
black scales, the brown suffniian (^jocuring most of the ground color at the base and 
beyond the middle of the wng; sn irregular black at base of costa; a similar bla 

spot on lower vein of cell clo* to base; above and below it two smaller black spots; 
at noddle of wing a rtther broad, vertical fascia of blackish brow ^ai^ 

inwardly nargisicd by a dktntet Kneof the white gitmnd color; in the middle of m 
fascia a round fpot of distinctly paler brown scales with the black scales 
sCj^tly raised; on cotta just me d i a n fascia a poorly defined triangular pa 

of brown and bhu^ki^ scales; a small black dot at upper outer angle of cell and ^ 
amallobicafe dart: 1^ near toflWcUia dirty white. Hindwmgsand ciha grayisu 
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fuscous. Legs fuscous on outer sides; banded with white on middle ot tibi* and at ends 
of joints; white on inner sides. Male genitalia of type figured (PI. 96, C-F). Alar 

expanse 12 to 13 mm. ^ 

Habitat.— Brownsville, Tex. (E. L. Diven). 

Food horrida. “ Larvae making a narrow blotch mine at the ed^e 

of the leaf and curling the edge near base, pupating within tlie mine ’ ‘ {Liven note) 
Cat, No, 23741, United States National Museum. ’ 

Described from male type and one male and three female paratypes 
reared from larvae collected April 22, 1919. Moths issued April 27 to 
Hay 5f i9^9- Named in honor of the late Emerson Liscum Divert. 

The larva when full-grown is 7.5 to 9 mm. long; white, with the tho- 
racic segments and the anterior portion of the first abdominal segment a 
brilliant wine-red ; in fully fed specimens there is often a pinkish suffusion 
on the dorsum of the abdominal segments; thoracic shield yellow 
posteriorly and laterally edged mth dark brown; anal shield pale yellow- 
other chitinized portions of thoracic segments dark brown; thoracic legs 
blackish brown, paler on inner sides; body tubercles deep brown, minute* 
setae pale, slender, moderately long; crochets of prokgs dark browni 
24 to 26, biordinal and in a circle broken outwardly ; spiracles pale yellow' 
small, round, inconspicuous; no anal fork; head pale yellow with a dark 
brown band on each side, extending from the ocelli to the lateral incision 
of the hind margin; ocellar pigment black, continuous under the ocelli. 

The pupa is rather stout and short, 1.5 to 2 mm. wide by 4.5 to 5 mm. 
long; pale yellow-brown; smooth; caudal end rounded; cremaster ab- 
sent; ^vings and antennse extending to anterior margin of sixth abdominal 
segment; labial palpi clearly defined but small, not extending to proximo- 
lateral angles of maxillae; between genital and anal openings a divided, 
blackish, chitinized rise, without spines, hairs, or other armature. 

This species is easily distinguished from the other American forms in 
the genus by the straight median fascia. I have placed it in Borkhausenia 
advisedly, although strictly speaking it does not belong there. In any 
further revision of the Oecophoridae, Borkhausenia divini with B. 
conia Wlsm., B. jasciaia Wlsm., B. episcia Wlsm., and probably B. orites 
Wlsm., will have to be placed in a new genus. While agreeing with the 
type of Borkhausenia (B. minuidla L.) on venational characters, they 
differ markedly in genitalia. In B. mimitella (PI. 96, A, B) the harpes 
are t3^pically oecophorid and laterally placed, the uncus present though 
small, the eighth abdominal segment simple, and the entire apparatus 
symmetrical. In B. diveni and its allies, on the other hand (PI. 95-97), 
the eighth abdominal segment is distinctly modified, the uncus is absent, 
Ihe harpes more ventrally placed, and the gerutal apparatus consistently 
asymmetrical. The characters of their genitalia are those of the genus 
Triclonella Busck, from which the species are separable on venation, 
B. diveni and its allies having 5 of the hind wing distinctly separate at 
base from the stalk of 3 and 4. The presence of a few raised scales on 



gj6 joufwd of Agriadtural Research Volxx,k„, 

the forewing would seem to throw B. diveni into Meyrick’s genus Erysip. 
tila. The latter, however, is again distinct on chwncters of genitalia op 
which it will have to be retained and recharacterized, as the raised scale 
character does not seem to hold. It is possessed by B, diveni but not by 
the other closely aUied species (B. conia, B. fasciata, etc.). The genpj 
Erysiptila, while similar to these in some genitalic characters (for example 
the peculiar development of fused and armed soci and gnathus) and thus 
separable from the genus Borkhausenia, has the organs symmetrical 
throughout and the harpes lateraUy rather than ventrally placed. Oj 
the North American species now listed under the genus Borkhausenia 
only three (B. pseudospreteUa Staint., B. haydenella Chambers, and B, 
ascripteUa Busck) agree with the type species on all characters. For the 
present, however, B. diveni and its allies may be retained in that genus 
Until the entire family can be revised along lines suggested by the devel- 
opment of genitalic structures there is nothii^ to be gained by erectii^ 
a single genus on these characters. 

FAMILY STENOMIDAE 


AEDEMOSES HESSITANS W.ALSINGH.AM ‘ 

(PL. 95 , B, c.; 104- d) 

Aedmoses hasitan) Waltham, 191a, «« Biol. Centr.-Amer., hep. Heter., 
V. 4, P- IS 4 - 

Eighteen specimens (males and females) of a moth which Mr. Busck has 
determined as this species were reared by Diven from larvae which he had 
coUected on "Mexican ebony” (Siderocarpm fkxicauiis) at Brownsville, 
Tex The genus and species were described by Walsingham from a 
nniaue female without hind legs, coUected at Presidio Durango, Mexico, 
and have not since been recorded. The present rearing, therefore, a s 
another to our list of United States species. There can be no doubt of the 
identification, as Busck has seen and is familiar with the Walsmgham 
and our reared examples agree in all details with the description^ 
^ larva is a leaf-Uer, binding. together severa leaves and feed^ 
within the Ue eating first the epidermis and later all but the veins of the 
leat!^ It pupates within the tie, the pupa being naked and attached at 
its caudal end by a strand of silk to one of the leaves. 

The larva is a typical stenomid, slightly flattene r to? 

anterodesad of and close to the spiracle on 
fPl. 104 D): body white with four pale purplish bro vn io.^? 

stripes, one subdorsal j^'oV'sItL 

p ale yellow, 

~ " . “ * *^^*”*^ °^ ^^* 8pp«ara!i<^' 

-VIS? ^ 

maauimcifraMMt if. t. p*. *i. P- 4**- ) 
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body tubercles inconspicuous, chitinized areas about them unpigmented 
jjjcept around setae II* and IP on mesothorax and metathorax where 
they are pale brown; body hairs whitish yellow, rather long; abdominal 
crochets yellow, 40 to 44- unevenly blordinal and in a complete circle- 
gjial fork absent; head pale yellow, the more heavily chitinized parts of 
trophi lighter brown; ocellar pigment black, continuous under the ocelli- 
length, full grown, 7 to 7.5 mm. 

The pupa is the typical short, squatty stenomid form; smooth, without 
aimature or processes of any kind except the very short, inconspicuous 
primary setae and a pair of minute spines on the anal rise; seta III on 
abdominal segments well forward of the spiracle; spiracles distinct and 
rather large, very slightly produced; \vuigs, antennae, and metathoracic 
kgs extending to anterior margin of fifth abdominal segment; antero- 
ventral margins of fifth abdominal segment curved around the edge of the 
wing tips; labial palpi very small, not reaching to proximo-lateral angles 
of maxillae; eighth, ninth, and tenth abdominal segments considerably 
reduced and sharply tapering; prothorax broad, nearly one-third the 
breadth of mesothorax; proleg scats distinct; length 4 to 4,5 mm; width 
1.5 to 2 mm. 

Immature larvse were collected by Diven in late January, 1919, and 
feeding larvae as late as April i, 1919; from the latter, moths issued from 
April 17 to 26 of the same year. 

The male genitalia of the moth are figured in Plate 95, B, C. 

FAMILY ELASTOBASIDAE 
ZENODOCHIUM CITRICOEELIvA (chambers) 

(PE. 98, A~c; 102; 104, c; 105,1) 

Blastobasis citricoklla Oiambers, 1880, in Rept. U. S. Dept. Agr. 1879, p. 

206-207. 

Blastobasis ciiriella Chambers, 1880, in Rept. U. S. Dept. Agr. 1879, p. 245. 

Zenodochiufti citficoUlla Dietz, 1910, in Trans. Amer. Ent. Soc., v, 36, p, 11-12, 

Feeding in dry okra pods, in the seed pods of Hibiscus, and in old 
or diseased cotton bolls we often found associated with Pyroderces rileyi 
a dirty brownish larva with a glistening black head and thorax, spin- 
ning a thin web in the seed pods within which it fed and pupated. A 
number were collected at various places in Chambers County (Smith 
Point, Point Bolivar, and South Bayou) and from these were reared a 
number of adults agreeing in genitalic and other characters with authen- 
tic reared specimens of Zenodochium ciiricdelh Chambers in the United 
States National Museum. The species is a scavenger and probably a 
very general feeder, as it was originally recorded from dried oranges 
^d is to be found in almost any dry or diseased maJvaceous seed pod. 

figures of the male genitalia of the moth are given in Plate 98, A-C. 
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The larva is easily distinguished from Pyroderces rUeyi and t1i 

J* t - a ' A . 4 « 


lepidopterous cotton feeders by the structural characters 


shown 


other 


Plates 102, 104, and 105. The most striking features are the oval"^- 
nized plate on the submentum, the nearly complete fuscous circle 

to 


rounding the chitinization of tubercle III on abdominal segments 
7, and the typical blastobasid arrangement of the piothoracic 1 ^ 

105, 1), set very close together with the coxal lobes touching earh^^ 


The species probably has several generations a year. 


I other, 
^rvas collectfvt 

in August, 1918, produced moths in that month and throughout 
tember. Others collected during November and December 


Sep. 


moths the following April. 


produced 


HOLCOCERA OCHROCKPHALA DIRtZ 
(PR. 98, D-P) 

Hokoc<raorftft>ce/>A<UatMetz,i9io>ti»ttans.Amer.Exitc«nol Sof v 

V. 30, p. 

A large series of moths were reared during February and March 
from larva collected December, 1918, in imperfectly opened and wee\^! 
infested cotton bolls at Brownsville, Tex. They agree with the descii 
tion and the single female paratype of Dietz^s species in the United 
States National Museum, and I have no hesitation in so determining 
them. The larval habits are the same as those of Zenodochium cUrico- 
klla. There probably has been some confusing of our material as all 
the larva we have associated with the H. ochrocephala adults are iden- 
tical with those of 2 . dtricoklla. Probably, since the two species work 
together in the same way and are superficially alike, the hv\^ of one 
spedes was preserved and that of the other reared. It is extremely 
unlikely that there should be two blastobasids in different genera with- 
out a single structural difference in their larva. 

The male genitalia of the moth arc figured in Plate 98, D-P. 

HOXjCOCRRA conramulrrla, n. sp, 

(pu 99» c) 

Hokocgfi cwfmwlelU, n. 

Antemue deeply excised above banal joint and with truncate scale tuft; very 
weakly dliate. Palpi grayish ochreous, dusted with fuscous on outer sides. Face 
gnyiiii oehreoos, vertically banded with fuacoua. Head and thorax grayish white 
mixed and mlused with fuscous acaJet. Forewings grayish white, suffused and 
mottled with fuscous, the fuscous scaling living the outer two-thirds of the wing a 
distisetfy giiy*biDwn appearance, darkenii^t into an ill-defined, outwardly angulate 
antesnet^ f9man bordering a grayi^ bmal patch and torming an irregular, brok^, 
and vertical fascia beyond the mbklk; along the teraen a few barely ^ 

thigitbhable fsaoius spots; cilia giayi^ white. Hindvdiigs veiy narTo\Y, pale sawicy 
ftiiooitt; cUia paler, with ochfwus. Lep whitish ochreous on inner 

tbe outer sides fosooits, plotted with white on Ubi« and ringed with white or ^ 
odmoaMtBdtcIjDiMi. Itale oJ type C)- 
S4ft> ts mm. 
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-.^■Rrownsville, Tex, (More, Barber, Herarich). 

^^fpLANT.-Fniit® of Crataegus. 

Cat. No. 2374a » United States National Museum. 

ecies is very dose to Holcocera modeslella Clemens, to which it 
run in Dietz’s tables."^ It may eventually prove to be that species, 
absence of an authentic male of H. modestella from the type 
it is better to risk a possible synonym than to make a doubtful 
loca 1 y . ^o spedmens of Clemens’s species. The 

1 genitalia here figured fix the concept of H, confamulella and enable 
... j-eady identification. 

V've moths (male type and four male and female paratypes) were 
^^d April 10' to 21, 1919, from fruits of Crataegus rather heavily 
^dested by larvae of Crocidosema pleheiam Zeller. The larvae of Holcocera 

were not noted. 

FAMILY ETHMIIDAE 

ETHMIA DELUELLA (FERNALd) 

Psecadia delliella Feraald. 1891, in Canad. Ent., v. 23, p. 29- 

Babaiaxa dellielh Busck. 1903. List North ^er Lcp <10^5935 

Eihmia delliella Barnes and McDuimough. 1917, Check List Lep. Bor. Amer., 

no. 6645* 

One moth reared April 30 , 1919. fwm Wissadida lozani heavily in- 
fested by a stem-boring aegeriid (Zen^xus palmi Neumoegen). Matenal 
SLted atBrownsvUle,Tex..byE.L.Diven,March28,i9i9. Urva 
and habits not noted. 

ETHMIA BITTENELLA (busck) 

Tamarrha biiienella Bt«ck, 1906, in Proc. U. S. Nat. Mus., v. 30, P- 73 =- 
Ethmia biiienella Meyrick, 1914. Eep- Cat. , pars. 19, p. JS. 

Two pupa collected by Diven in galleries in stems of Wissadula lozani, 
Brownsville Tex April I, 1919 - Moth tssued April 9, 1919- 
The W were The caterpillars of this family are, however, 

to be distinguished from the others having three set* on 

shield of prothorax and IV and V of ^“omen approx^te by the 

presence of one or more secondary hairs on t e 0 y, 

abdominal segments in the region of the pro egs. le . ^ j 

sdves are long and slender as in the Pterophondae. On abdominal 

segment 9, seta I is higher than II. 

iDien,Wm.G. isvisioN o» IM Bi,ASTOBAsmAB of north amEWCA. /n Trans. Amer. Ent. Soc . 

V. 36, no. I, p. 24-33. T9*®* 




pyrodbrces rujsyi (walsinoham) 


(PL. 102, A, b; 103, c; 105, d; 106, c; 107, k, p) 


Bairachedra fiUyi Walsingham, 1S82, in Trans. Amer. Ent. Soc., y 
p. 19S-199. 

Batrachetra rileyi Byar. 1903. North Amer» Up., no. 6059. 

Pyroderces rileyi Bnsck, 1917 » Agr. Res., V. 9, no. 10, p. 362-66, 3^^ 

The larva of this common scavenger is frequently mistaken for the 
pink botlworm. It is, however, very readily distinguished from it and 
siinil^r pink-banded larvae of the gelechioid and other groups. 

Since a complete description of adult, larva, and pupa is given in 
Busck’s article on the pink bollworm,' it will suffice here to call atten- 
tion to the diagnostic characters of the immature stages. 

For the larva these are: 

Three sete (HI. IV, and V) triangularly grouped on prespiracular 
shield of prothorax; prothoradc II* higher than I*; IV and V on proleg- 
bearing abdominal s^ments approximate; III on eighth abdominal 
s^ent anterior io the spiracle; paired dorsal setae (II) on the ninth 
abdominal segment not on a single chiHnizaiion, but doser together than 
paired I on eighth abdominal segment (PI. 105, D) ; I and III approximate 
on ninth abdominal segment (as in the Olethreutidae) ; IV and V approxi- 
mate, with VI well separated from them on ninth abdominal segment; 
crochets of prolegs uniordinal and in a complete cirde; anal fork absent; 
pink bandings on anterior and posterior margins (not in the middle) 


of the segments. 

The sum total of these characters is possessed by no other caterpillar 
to be found on cotton. 

The pupa (PI. 107, E, F) may be distinguished by the foUowing 

characters: • uj • 1 

Pointed wing cases reaching to posterior margin of the sixth abdormnal 

segment- antenna reaching to tips of wings; maxiUary palpi small and 
not reachiM proximo-lateral angles of maxillae ; vertex wider than pro- 
thorax- abdwnen tapering, bluntly rounded, smooth except for primary 
hairs and a duster of strong hooked seta at postenor end and armd 
aiud opening; cremaster absent; no labial palpi or exposed metathoracic 

drawings (PL loa, 103, 105-107) show the distinguishing stru^ 

tural characters of larva and pupa. It will be noted that a ^ 

been made in Busdc’s figure of the setal map of the ninth 

of iht larva which mnittcd one of the ventraLseU- 
segment oi uw larva wmcn ^ j 

arraagemcnt of the ninth abdominal scgi^t ^ 

U. in Ud VI ..ii.q...tediTO.iv»<iv^iL- 
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considered a family dwracter. It serv^, however, to separate Pyroderces 
f^zyi from the gelechioid forms which it otherwise resembles. 


FAMILY TORTRICIDAE 


PLATYNOTA ROStRANA (WALKLR) 

(PL. 104, a; 105, a) 

Teras rostrana Walker, 1863, in List Lep. Brit. Mus,, pt. 28, p. 290. 

Platynota rostrana Dyar, 1903, List North Aincr. Lep., no. 5383. 

This spedes and the following two are rather general feeders and are 
frequently found on cotton and other Malvaceae. We have reared 
moths of Platynota rosiram from cotton, okra {Hihisais esculentus), 
j^edvaviscus drumimndii, Basiardia viscosa^ Amaranthus spp., and Cassia 
tora, collected at Brownsville and several localities in Chambers County. 
The species is normally a leaf -feeder, tying the terminal leaves and pupat- 
ing within the tie. We have, however, also found it occasionally feeding 
on the flower buds of okra and on one occasion (Dec. 31, 1918) Diven took 
three larvge at Brownsville in dry cotton bolls, feeding on the lint. They 
pupated in the loose lint, and moths issued February 7 and March 3,1919. 
In the Chambers County localities larvae were collected during late August 
and early September, 1918, which produced moths late in September and 
early in October of the same year. There are at least two and probably 
three or more generations a year in Texas. 

The larva is not likely to be confused with the pink bollworm. It is 
easily separable on the setal characters figured on Plates 104 and 105. 
The arrangement of the pared dorsal setae (II) on the ninth abdominal 
segment (that is, on a single chitinization and considerably closer together 
than any dorsal pair on the dghth abdominal segment) (PI. 105, A), 
coupled with the normal micro characters of three setae on the pre- 
spiracular shield of prothorax, and a close approximation of IV and V 
on the proleg-bearing abdominal segments, distinguishes the families of 
the Tortricoidea. In Tortricidae proper (to which this and the two 
following species belong) seta I on the ninth abdominal segment is much 
as in the Gelechiidae (that is, rather well separated from III and often 
as near to II as to III) (PL 105, A). In the families Olethreutidae and 
Phaloniidae, on the other hand, I and HI are approximate and very 
often on the same chitinization. 

The pupa is typically tortricoid, with wings short and broad at the tip 
(not tapering) and having the abdominal segments armed dorsally with 
a double row of strong spines, those of the anterior rows larger and some- 
what hooked (co&pare PI. 108, D). It is distinguished from that of the 
common olethreutid malvaceous feeder (Crocidosenia plebeiana Zell.) by 
the presence of a well-developed, bluntly rounded cremaster entirely 
lacking in the latter. 
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PLATYNOTA FLAV«DANA CI 3 MBNS 

Platynota fiamdana Oemens, i86i, w Proc. Acad. Nat. Sd. HiUa., i860, p, 3,^ 
PlaiynotafimtiafM Dyar, 1903. North Ainer. Up., no. S 38 »- 

One specimen reared by Diven (May sj. 1919) *«>m cotton leaves 
collected at Brownsville, Tex., May 7, 19 i 9 - 

The larva was not noted. , , -nr „ 

The pupa is strikingly like that of Plaiynota rosirarui Walker. 

AMORBIA EMIGRATELLA BUSCK 
(PE. 109, E) 

Amcbia miffOtella Buack, 1910, in P<oc. Ent. Soc. Washington, v. p. 

AZ'^migr'delh Waldngham. 1913. «* BioJ. Centr.-Amer., Up. Heto., v, 4, 
p. 219. 

Two moths reared from cotton May 19 and 24. 1919 (E- L. Diven) in 
same material infested by Plaiynota ftavedana. collected at Browsville, 
Tex May 7 1919- The pupa has a conspicuous nud-dorsal, cuplike, 
circ^ar inva^tion near the anterior margins of the first seven ab- 
dominal segments, the anterior dorsal margins themselva being strongly 
chitinized and folded back into a projecting ndge; otherwise as m P. 
fostrana. 

The larva was not noted. 

FAMILY OLETHREUTIDAE 
CROCIDOSEMA PI.EBEIANA ZELLER 

(PL. 99, a; 102, c, d; 103, E; 105. o; 106, b; 108, a-d) 

J Zeller 1847. «* Im von Olcen. 1847. Heft 10, p. 7H-JM. 

wS- <■ -«■ =»“■*”'' ’■ 

4, p. 331^32. 

Up to the present this almost cosmopolitan insect had «« 
up 10 Ui F ^ collecting, however, shoved it 

corded from the Umted »ta . !„ the United States 

weU distributed and fairly abundant ^ aiifomia, so that 

National Museum there are also several distribution 

its known range may be said to com^nd raugUy plants; 

of the Malvaceae. ,9,9); hollvhock (d/to® 

drunmndii (Smith 

rosea) (Brownsville, Tex., Mayy ^ 9 ). Anahuac Tex., September, 
Point, Tex.. November, December. Tex.. November, 

1918); okra (Hilrucus escvkiUvs) November, 1918). 

December, 1 91 8) ; and (Lalte Charlotte, Tex., 

wereabocoikctedmseedp^^H^^^ Tex. 

September, 1918) and in 1 and on the seeds of 

^ber,i 9 i 8 ). Theyfeeddneflym the seed pods 
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plants infested, but occasionally also on the pollen of the flowers. The 
ecies is of special interest because its work and habits are almost identical 
^^*th those of the genus Pectinophora and also because the lar\'a is fre- 
^ently pinkish and often has the outer crochets of the prolegs weakly de- 
veloped or absent. It is easily mistaken for a half -grown pink bollworm. 

It is readily distinguished, however, by the structural characters here fig- 
ured (Pi. 102, 103, 105, 106). The linear arrangement of setae III, IV, and 
V on the prothorax, the position of III anterior to the spiracle on the eighth 
abdominal segment, the well-developed anal fork (PI. 105, G), and the 
olethreutid grouping of the setae on the ninth abdominal segment (PI. 

10 E) separate it from all the larvae treated in his paper. 

characters of the pupal abdomen are shown on Plate 108, A-D. 
Eucosm discretivana Heinrich and E, heliantham Riley exhibit 
similar structures, but as neither of these species attacks Malvaceae 
there is little or no likelihood of confusing them with Crocidosema, 
We did not find C. plebeiana in cotton, but there appears to be no reason 
why it should not attack that plant; and its possible presence and con- 
fusion with the pink bollworm should be borne in mind in cotton in- 
spection. 

The male genitalia of the adult are shown in Plate 99, A. 

EUCOSMA DISCRETIVANA, N. SP. 

(PL- 99, B) 

Eucosma discretivanft, n. sp. 

Antennae, palpi, face, and head dull, somewhat ashy fuscous. Thorax pale, dull 
fuscous- tegulae fuscous with a very slight bronzy tint. Forewings dirt}^ gra}d^ 
white marked with grayish fuscous; an outwardly angulate grayish fuscous basal patch 
slightly wder on costa than dorsum; a somewhat paler, semioval patch on dorsum 
before tomus and extending half way to costa; several narrow, obscure lines of fus- 
cous scales extending outwardly fmm costa and faintly streaking the white ar^; a 
similar faint line extending from dorsum through middle of white area bordenng basal 
patch; entire termen narrowly margined by pale grayish fuscous; the wiiitish are^ 
of the wing most pronounced just beyond basal patch and near tomus; cilia g^yis : 
costal fold deeply apprcssed and reaching nearly to middle of u ing. Hmdwings du I, 
smoky fuscous, cilia grayidi white with a dull fuscous band along their base Abdo- 
men grayish fuscous with silvery white scales along the sides and a few' scattered si ^^ry 
scales beneath. Legs fuscous, shading to dirty gray-white on inner sides. Male 
genitalia of type figured (Pi. 99, B). Alar expanse 13 to 16 mm. 

Hadit AT. —S heldon, Tex. (A. C. Johnson). _ 

Food pi.ant.— " Wild myrtle. Larva boring in the stem and forming a gall. 

Type.— Cat. No. 23743, United States National Museum. 

Described from male type and three rl!ale and five female paraty pes 
reared by A. C. Johnson, April 10 to 23, 19191 collecte > 

him March 14, 1919. ^ ^ . • 1 . 

It is very close to Eucosma obfuscana Riley, which it striking > 
hies. The two species are, however, readily distinguishable on 0 
genitalia and slight but constant color differences. In E. ohjusmni e 
face, head, thorax, and base of antennae are inky blue-black, t e ar 
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margin of termen of forewing pronounced and blu^bkck extending 
apex.only a little over one-half the togth of toe termen, the 
white scaling of the tomal area extending into the aha of the anal angle 
wWch are also white. In £. discreiivam there is none of the blue-black 
Sing so noticeable in E. obfuscana. and toe ^tire termen is faintly 
dark margined. The cucullus of the harpes of the male gemtalia is also 
narrLly elongate in £. cbfuscam than in E. d^scret^mna. 

The larva is in general structure very like Croadosema piebemm, except 
that I III IV, and V on the ninth abdommal segment ate about 

™airy1[I«d »d the « ;■«««.. 

Sthout markings: chitinized areas about body tubercles not pigmented; 
hairs whitish yellow; thoracic and anal shields pale yello^^ scarcely 
nivmented- head light brown; crochets brown. 28 to 30. uniordmal and 
fnTcomplete circle; length, full-grown 10 to 10 5 mm. 

The pia is similar to that of Croadoserm plebetana but somewhat 

larger S.s to 9 mm. long by 2.5 mm. wide, , , 

tL’ S sp^es are easily distinguished by their food plants and larval 

EUCOSMA HEUANTHANA (RILEy) 

Smatia Mianthcna Riley. 1881. in Trans.^. I/wis Acad. Sci., 4 . p. w 
T^ia helianihana Dyar, .903, i- List North Le^. no. 5186 

IZZma Mianth^na Barnes and McDimnough. 1917, Check List Up. Bor. 

We w'aTar^rabout the size of the pink bollworm and superfcially 
ILa it feeding in the flower heads and on the seeds of the large 

SIpS I”t on the thoracic shield similar to that of Pectinophora. It 

had toe characteristic olethreuljdari^^^ 

abdominal segment and P I ^ 

not attack under a binocular or a strong hand lens. 

‘?hTpTpa Ts similar to that of Crocidorenm plebetana but larger, about 

the size of that of Emosmadi^eUvam. „,8, and 

Urvm were collected at Dickinson Tex &ptem 
pup* also were found at Smith Point. August 30. 19.8. 
a i^th was reared September 3 of the same year. 

LASPEV’BESIA^ISTRIGA.VA (ceemens) 

StifmoHota trulrigaxa Clemoi*. iS^S; lup^o 

Panted in cotton the previous year (1917) ^ ^ 
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and pinkish larva feeding on the seeds of Baptisia spp. about the size 
and with much the general appearance of the pink bollworm. Except 
for the complete circle of crdchete on the prolegs the superficial resem- 
blance was rather striking. The structural characters are so obviously 
different as to prevent confusion by a careful observer. The arrange- 
ment of setae on the ninth abdominal segment is typically olethreutid 
Compare Pi. 103, E; 105, B), and the grouping of the head setae is also 
uite different from that of the pink bollworm; A\ and V lie in 

^most a straight line, and the puncture is well back of (almost directly 
posterior to) A* rather than between it and A^ as in Pectinophora gos~ 
sypidlci’ 

The larva is most like that of Eucosma heliantkana, from which it 
differs in the size of the head, the color of the thoracic shield, and the 
position of epicranial puncture A'. In E. hdianikma the puncture (A“) 
Hes to the side directly dorsad of seta A^ between it and the adfrontal 
suture, the head is smaller in the full-grown larva, and the thoracic 
shield is brown with a more or less distinct hyaline kidney-shaped spot 
on the side. In Laspeyresia iristrigam the shield is of the general body 
color with a few small, irregular, scattered yellow spots. Neither species 
has an anal fork. 

The pupa is similar to that of Crocidosema plebdam. 

Several adults were reared during May, 1919. from larvs collected in 
August, 1918 (Anahuac, Tex.) and in November, 1918 (El Vista, Tex.). 

FAMILY PHALONIIDAE 
PHALONIA CEPHALANTHANA, N. SP. 


(PL. 100, a) 

Phalonia cephalanthana, n. sp. 

Antemis grayish black, palpi dull yellow, whitish above and on inner sides. Face 

whitish. Head yellow. Thorax mahogany-red. Forewmgs brorvmsh ove.la.d wtth 

mahogany-red mixed with a few blackish scales, the red scaling imevenly J‘stnbuted. 
forming an obscure but distinguishable outwardly angulate basal patch, a broa , 
vertical, somewhat irregular median fascia, and a mo below 

oblique costal dash near apex, the latter extending from apica i o 
middle of termen; other areas of wing brovm, more or less streaked with 
black scales; cilia mixed brown, red, and black. Hind-'t^ngs sino y gra) , u 
side faintly mottled; cilia grayish white. Legs heavily duste on ou er s ^ 
grayish black; ends of joints and inner ^des yellowish white. In of 

to the naked eye the insect is a rather pale wnne-red, blotched with darker . ^ 
the same color. Male genitalia of type figured (Pi . *oo, A) . expose 

Habitat.— S hores of Lake Charlotte, Chambers County, Tex. ( einrici . 

Food ^i^Knt.^ephalanthus occidenialis. 

T\te.— C at. No. 23744, United States National Museum. 

Described from male type and i 6 male and female parat)pes " 
September 16 to 24, 1919, from larvae collected September lo, 191 . 
distinct and easily recognized species. 
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"^^arva feeds in the seed pods. It is a dirty^ite with the chiti- 
nized areas about thebody tuberdes conspicuota. round 

T^d a dull smoky fuscous, the chitinuations becoming heavier 
the caudal end; on the eighth abdominal 
♦ naired set® I are on a single chitinization , also paired II ; on the 

tZbd"^ Sis ^d^I. I. ^ 

setal arrangement of the ninth abdomind s^ent is similar to that of 
to oSStidae with I and III rather closely approxima e; seta III on 
ShSTtSminal segment directly anterior to the spirade; anal shield 
toS- anal fork developed, 6-pronged; crochets of prolegs uniordinal 
d^i^eed in a complete circle, 36 to 40; skm finely granulate; tho- 
^ ^^e- thoracic^ shield the color of body except for a shading of 

ir ^<mLt slkht continuous but not filling to ocellar area; setae of 
^or Sd lat^ (A‘. A’' A>, and L‘) crowded well fonvari on 

W- A', A*, and A> forming a sUghtiy acute angle; L' closely approximate 
to A? Full-grown larva 8 to 9 mm. loi«. 

tbe PUP. i ««0" to tMt ol .«.pt ,b., ih, 

Jdi oTis There i..ocr«n.a«, 

family AEGERIIDAE 

ZENODOXUS PALMU (nEUMOEGEn) 

«■ ' '■ 

*"' 1 ”' I’t^rictea »l S^vOle. Ttht, J«»"r >3 F*”! 

IP» 1^ id E. I. Dive.. The ctenrilte bore i. tb. 

3, 1919. by H. C. usually found well down in the stems 

stems of Wissadula Umn ^ery well 

at the base of the pl^te n^ w-;; Neum I have since compared 
„i.b U,. detoapdP. Pi have .Me «.« 

ocelli-that is, with ^ tESt four-and the crochets of the 

and V and VI well separated from bands. 

The seta on the ninth abdomnal sepnem 
Oktbreutidae. 
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The pup* strong spines on the dorsum of several 

f the abdominal segments as in the Tortricidae, but the wings are 
° frow and pointed, the maxillary palpi are large and conspicuous, and 
thoracic spiracle is normally well developed; thus they are dis- 
tinguished readUy enough from pup* of the latter group. 

FAMILY PTEROPHORIDAE 


BOEMAtOPHORUS VENAPUNCTUS, N. SP., BARNES AND LINDSEY ‘ 


During April and May, 1919. Mr. E. L. Diven reared eight specimens 
of a pterophorid moth from larv* feeding on the leaves of a composite 
t Brownsville, Tex. These were referred to Mr. Lindsey, who determined 
^em as Oedematopkorus vempurwius, an unpublished species, which he 
and Dr. Barnes had recently described from collected material. 

The species is not a malvaceous feeder and has no special interest here 
apart from the rearing record and the structural peculiarities of the larva 
aL pupa which, while strikingly modified in this particular form, will 
serve nevertheless, to exemplify the family. 

The pterophorid larvae have only two setae on the prespiracular shield 
of the prothorax and setae IV and V approximate on the proleg-bearing 
abdominal segments, as in the Pyralidae with which they are affiliated. 
Thev have however, in distinction from the Pyralidae proper, long stem- 
like prolegs and a greater or less development of secondary set*. The 
crochets are also peculiar, being uniordinal, few in number (6 to 8 in the 
genus Oedemataphorus), and arranged in a quarter circle opening 
outwardly. In 0. ■venapunctus the secon dary hairs are confined to a row 


■ ^ ff»f this Daoer in advance of their proposed revision of the 

WrZTand A. W. Ondsev have kindly lu^lshM the following dccdpdon. 


Oedematoi^Qnis venapunctus, n. sp., Barnes and Lindsey. 

ish ochreous, almost white, the latter short, obhq^r por Abdomen similar both above 

brownish ochreous. the fore and middle legs tinged with brown msidc. Abdomen 

and below, with a fine, brown, middorsal line. in lobe though this shade is 

Primaries concolorou. wim thor«. darker 

scarcely evident in some specimens. Just before olliquely toward the costa by a 

spot, isolated except in our darkest m dark dashes on the tips 

faint dark shade. In the outer margin of the seoom soedmens. A similar but 

of the anal, cubital, and third median vems. Tbe^ are vety ^jp of the 

heavier spot occurs on the inner margin of the first lobe as before the apex 

fifth radial. Two vague dots sometimes appear on the costa marg , ’ slightly darker toward 

and the other almost opposite the one on the inner margin. rmges ^ primaries and 

eheap«olU«wmg»nd.riththdrlmsesd«hUyp.l.r. Secondan.^ somewhat paler th 

with a more grayish tinge. Fringes concolorous with slightly pa er ases. 

Expanse 15 to 18 mm. ,1 Te.\, March; parai^Te male, same 

Described from the following series: Holotype male, Br • • * ^l. (Collection Barnes). 

locaUty; allotype and rix paratypes females. San Benito. Tex., - a ^ 

Paratypemale. Brownsville, Te*..March. and paratype female, from San Bcnm , 

States National Museum, type Cat. no. a349S- e ninmcus 0 . Mm'-fti- and related 

This species appears ttf be allied to OetdemaioPkorus pakacais , . J r - ^ 

species. It differs from the first two in the presence of the terminal do genitalia 

dot in the disc of the primaries is not contiguous to the base of t e c. - ^ described 

alsodiffersfromthatof any related species known to us. Wc have been unable to pia 

Mexican or Central American species. 


29666*‘— 21- 
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of 5 to 8 in the area normaUy occupied by sete VI. The bojy tubercle^ 
are^somewhat produced, esp^y on the prothot^and tenth abdoiubiaj 
segment, and the hairs themselves are swollen and bullous In addition 
3e sets there are on all except the first thoracic and the last abdominal 
segments several fingerlike projections 

S arise back of sets I, II. HI, IV, and V from the base of their tuber- 
d^and in the area back of the spiracle and seU group IV-V. The 
nrothorax is somewhat produced dorsally, and the head is capable of 
retraction under the cover of this rooffike proj^tion. 

ta the pupa the venter of the eighth, nmth, and tenth segments is 
de^plv concTve with the lateral edges fringed by rather short flexible 
sete ' The ventral edge of the tenth segment and the antenor margins 
d the concavity are also armed with clusters of slider, hooked hairs. 
The caudal end is sharply pointed, but there is no distinct cremaster. 

The larva is an external feeder, and the pupal period is very short. 
Urva; collected by Diven from April 7 to 14 , I9i9, produced moths as 
early as the ninteenth of the same month. 

FAMILY PYRALIDAE 
SUBFAMILY THYRIDINAE 
meskea dyspteraria grote 
(PL. loi, E. f; 104, b; 109, A“E) 

S S.' UsSh An.«. ul no.^,39. 

This s^es - ^ by b^rrt“ 

®“f’Jrote’?type and a male from the Riley collection bemg the only 
tions. Grot v .. States Natioi^ Museum. Nothing was 

representauves “ f^^m ^ Su « N 

faKiwn of Its larval hatatsorhfebst^^ 

series of the moths and f several malvaceous plants, 

distributed. The IlS seems to favor Malva- 

1^* 'SS found in galls on Kostd- 

viscusand Abutilon.bu ,ni8 More and Diven, collectors). 

eiskya sp. (AnahuK, Tex., pupating in the springand 

The species Maf laivs collected in AW- 

producing motb^rmngAp^^M^^ ^ September 3 , >9>8 

wwcia drummmin ^ « mimter Busck, and Johnson), 

ua N<«o»bo i. > 9 '* lata, .tons Ite Sa. !«”» 

during May 9 to a5. «9i9;^ » 6 .918, moths issued A ay 

River near Crosb). Tex. (Hanson), 

4 to 10. .9»8. i^Sarreta,Tex.,J^^^^^ 

Tex.. December 31. 19*8. and in A. 
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019 (Hanson) pupated the latter part of March and produced moths 
from April 5 to May 22, 1 91 9 - Ndther larva nor work were found in cot- 
ton or okra or on any of the various species of Hibiscus, though there 
yg to be no reason why these plants should escape. 

The full-grown larva is somewhat larger than a mature pink bollworm 
(22-22.5 mm. long) and is easily distmguished from it by the pyralid ar- 
rangement of the body ^tae {two setae only on prespiracular shield of pro- 
thorax and IV and V approximate on proleg-bearing abdominal segments). 
The structural characters of larva and pupa are fully illustrated in 
Plates loi, 104, and 109. These and the larval habits will serve to 
identify the species and distinguish it readily from any other lepidopteron 
of similar food plant and habits.' 

SUBFAMILY PYRAUSTINAE 

NOCTUELIA RUFOFASCIALIS (STEPHENS) 


Ennyckia rufofascialis Stephens, 1834, Ulus. Brit. Ent., Haust, v. 4, p. 33. 

Botys {?) thalialis Walker, 1859, List Lep. Brit. Mus., pt. 18, p. 582. 

Noctuelia thalialis Hampson, 1899, in Proc. Zool. Soc. I^ndon, pt. i, p. 279, 1899. 

Noctuelia thalialis Dyar, 1903, List North Amer. Lep., no. 4478. 

Noctv^Ua rufofasdalis Barnes and McDunnough, 1918, Contrib. Nat. Hist. 

Lep. North Amer., v. 4, no. 2, p. 167. 

The larva of this species is a seed-feeder in pods of Abutilon, Wissadula, 
Malvastrum, Sida, and possibly other malvaceous or similar plants. It 
feeds in much the same way as the pink bollworm and pupates in a thin 
cocoon either in the empty seed pod or on the outside of the plant Two 
larvse were taken at Brownsville, Tex., April ii, 1919, by Diven feeding 
in the young terminal shoots of cotton. This habit, however, is unusual. 
When full-grown the larva is about the size of a full-fed pink bollworm 
and seems ridiculously large for the small seed pods within which it must 
accommodate itself. It is very strikingly and beautifully marked and 
very similar to the caterpillers of Gelechia hosquella Chambers and Bork- 
hansenia divenit elsewhere mentioned in this paper. It is readily dis- 
tinguished from them by the pyraloid setal arrangement of the pro- 
thorax (two setae only in the prespiracular group). The general body 
color is white with the thoracic segments and anterior half of the first 
abdominal segment a deep wine-red. The remaining abdominal segments 
are also partially encircled by a broad band of the same color. The head 
is light yellow, and the thor^c and anal shields are yellow or brownish, 
the legs smoky fuscous, and the crochets of the prolegs (7 to 1 0) uniordinal 
and arranged in a circle broken outwardly as in the pink bollworm a very 
unusual structure in this subfamily. 

* It should be noted that puncture K*- on the epicranium is somewhat differeutly located on differmt 
specimeas, sometimes hifher, lower, occasionally even lying between seta an an r . 

quently differently placed on opposite sides the same head. Body seta IV on abdomina segm 9 
also very often absent. When present it is always short and inconspicuous. 
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m 


pods of 


Adults were reared durirrgMay. >9^9* 

AbutUon arrd 

Sn“wSllia and Sida at Brownsville, but no adults were reared, 
^e spedes is not common and we found it only m the vicimty of 

BrownsviUe. bipuncTaus (pabricius) 


La-werecollectedatTurhe 

fcii^Sy having two ^cUz on the prespirac- 
^ ^ riv and and IV and V approximate on the 

Ur- P>. -.B. «. 

other group posesses this combination. 

CLYPHODES pyloalis walker 
L J * Iv.l« Walker 1859, Ust Up. Brit. Mus., pt. 19. P- 973-974. 

cSt SU. i, » P~ I-*., 

. ^ iifrt Irnma Tex., the writer found a number 

on a priimte eS^te leaves of a mulberry tree, 

of pyralid both Mr. Schaus and Dr. 

A moth ivas Walker This record is of interest 

have determined as . ^iji^h has not hitherto 

a .»»I. 0» g«u.i. ■»• B' “I’””' 

those of oriental sP«3“e^ Wemher 27 1918. All died during the 
The larvw were noddle of April, 19*9. 

winur except one which pupated aDom uie 

moth issued April 19 * *9*9» 

SUBFAMILY CRAMBINAE 
0ICYMOLOMIA jULlANAUS (walker) 

(PL. ioi.c,0;ro3,B;io6,D;io8,E-H) ^ 

i,.lv known in * 

tte iMva a- >p«i“ i* »-fl’ 

_r ..A MS white worn! ...iipn full' 


The larva of to 3^^ is the one . 

grown are about the same »«. «“ 
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prolegs arranged in a circle broken outwardly. Dicymolomia julianalis 
• also frequently found in cotton bolls. Its normal and favored food 
plant is cattail (Typha sp.) in the spike of which it feeds and undergoes 
its transformation. In some parts of Texas, however, we also found it 
comnioiily in old and diseased cotton bolls, feeding upon the lint and in 
gome cases the cotton seeds. We did not, however, find it in any green 
or healthy bolls. Larvse were collected in the region about Beaumont 
during November, 191S, and near Brownsville from December, 1918, 
until early April, 1919- Adults issued from the latter part of ^Tarch 
until the middle of May. The species oven\unters in the larval stage, 
the caterpillars remaining in the fallen and rotting bolls and pupating 
during I^ebruary and early March. 

While very similar in superficial appearance to the pink bollworm 
and easily mistaken for it by one not familiar with larval characters, 
the caterpillar of Dicymolomia julianalis is easily distinguished on struc- 
ture The position of the anterior puncture (A^) of epicranium back 
of seta A^ and the presence of only two setae on the small shield anterior 
to the prothoracic spiracle at once separates it from Pectinophora. 

The pupa is smooth except for the normal body seta and a half dozen 
slender hooked spines on the cremaster and is not likely to be mistaken 
for that of Pectinophora gossypiella. 

The structural characters of both kr\^a and pupa are fully figured in 
Plates loi, 103, 106, and 108, 

SUBFAMILY PHYCITINAE 
MOODNA OSTRIXEELA (cEKMENS) 

(PL. 104, K) 

Epkestia ostrinella Clemens, 1S61, in Proc. Acad. Sci. Phila., i860, p. 206. 

Manhaita ostrinella Hulst, 1903. in Dyar, List Nortk Amer. Lep., no. 4S86. 

Moodna ostrinella Barnes and McDunnough, 191?, Check List Lcp. Bor. 

Amer., no. 5795. 

The lan^a of this species is a scavenger feeding in diseased cotton bolls 
in company with and in much the same manner as Dicymolomia julianalis. 
It is a smaller caterpillar (8 to 9.5 mm. long) \Yhen full-groun. ihe 
heavy, ringlike chitini/ation about tubercles 11^ of the mcsothorax an 
III of the eighth abdominal segment (PI. 104, E), which is so conspicuous 
a feature on this and the following larva {Homocosoma ckclellum), is a 
character found upon most phycitine larvae but nowhere else, so far as I 
know, outside of this subfamily. ^ ^ ^ 

The caterpillar of Moodna ostrinella is a nearly uniform dirty u ite, 
thoracic shield smoky fuscous divided on dorsum by a wide median 
whitish line; body tubercles dark brown; skin finely granulate, boo> 
hairs moderately long, pale yellowish; legs whitish, ringed vitli smo^y 
fuscous; head pale yellowish brown; labrum and anterior margins 
epicranium blackish brown; ocellar pigment a black spot under eac 
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ocellus, not continuous; crochets evenly biordinal, alternating one 


So.., 

long 
issued 


and one very short hook, 4° to 44. 

Larvse collected November 24, 1918, at Kountz, Tex. Moth 

April 7 , I9I9’ , , 

homoeosoma electellum (hclst) 

(PL. 100 , b) 

Anerastia ekcUlh Hulst, 1887. «» Entomologica v. 3 p, 137., 33 

Homomoma deciellum Hulst, 1903, in Dyar. List North Amer. Lep, , no. 4863. 

A large series of moths was reared April 23 to May 5 , 1919, from lan>s 
coUected at Brownsville. Tex., April 7 . i9i9, by E. L. Diven. The larv® 
feed in the flower heads of a composite, making an untidy patch and 
eating the bloom, stem, and seeds. The species appeared to be very 

**Tte larva is pale smoky brown, longitudinally marked by two narrow 
white doreal stripes and a similar lateral stripe; spiracles black, thoracic 
lees smokv fuscous; anal shield yellow, thoracic shield yellow, broadly 
nmreined iaterally and posteriorly with black; head pale yellow, mottled 
with yellowish brown and with a broad lateral black band and a blackish 
shading toward anterior margins of epicranium; ocelli distinct; ocellar 
nigment absent or confused in the lateral black of epicranium; general 
stLtural characters as in Moodna ostrinella; width 6 to 7 mm. 

The interesting and rather complicated genitalia of the male adult are 

figured in Plate 100, B. 

SUBFAMILY CHRYSAUGINAE 

CLYDON'OPTERON TECOMAE RILEY 

Clydcnopurcn Ucmoe Riley, .880, Amer. Ent v. 3, no. u p. =88. 

r” " tir "r V 

•»> •‘I 

spiracle on the eighth abdomraal segmen j in the 

on the body than the others; bands-and the 

AMeriidae-that is, umordinal wd ® ^ spiracle as in 

Phorax has only ran set* on 

olh^Pyralidae. rLmbens 

coUected earikr in Aiigwt(Ai»hta«:, Tex.) ^ 
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FAMILY NOCTUIDAL 

Several species of this family feed upon cotton and malvaceous plants. 
They are easily distinguished from the pink bollworm or lan^ae of any of 
be other groups treated in this paper by the arrangement of the body 
tse and the crochets of the prolegs. Like the Pyralidac they have only 
^0 setae (IV and V) on the prespiracular shield of the prothorax, but 
the position of IV and V on the proleg-bearing segments is quite different, 
IV being remote from V and directly back of the spiracle (PI. 103, D). 
the crochets of the prolegs are also arranged in a mesoseries (PL 106, E). 
the following species were reared. 

SUBFAMILY AGROTINAE 
h^liothis (chloridea) obsoueta (fabricius) 

(PL. 103, d; 106, e) 


Bombyx obsoleta Fabricius, 1793, Ent. vSyst., t. 3, pars, i, p. 456. 

Heliothis armiger Dyar, 1903, List North Amer. Lep,, no. 2300. 

Chloridea obsoleta Hampson, 1903, in Cat. Lep. Phal. Brit. Mas., v. 4. P. 

Hdiothl obsoleta Barnes and McDunnough, 1917, Check List Lep. Bor. Amer., 
no. 1090. 

This species is commonly known as the “corn earwomi” or "cotton 
bollworm.” It feeds on a number of plants and often attacks cotton, 
doing serious damage in some locaUties. The laiA^a bores into the bolls, 
making a large hole and destroying lint and seeds. 

One moth was reared from a lan^a feeding on the leaves of Mdmviscus 
drnmmondii at Brownsville, Tex. A laiv^a was collected by E. L. Diven, 
May 7, 1919. The adult emerged May 29 of the same year. 

HELIOTHIS (chloridea) VIRESCENS (FABRICIUS) 


Noctua virescens Fabricius, 1781, Spec. Insect., t. 2, p. 216. 

Chloridea virescens Dyar, 1903, List North Amer. Lep., no. 229 . 

Chloridea virescens Hampson, 1903, t» Cat. Lep. Phal. Bnt. Mus., v_ 4 . 
Heliolhis virescens Barnes and McDtmnough, 1917. Check List Lep. Bor. Amer., 


no. logi. 

This species has very much the same habits as Hehoihis obsoleta 
Fabricius. Moths were reared September 8 and 17, i 9 ^ 9 > 
taken feeding on seeds in okra pods August 19, 19*^^ ^ ajou, 

Tex. (E. L. Diven). 
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SUBFAMILY ACRONYCTINAB 
BAGISARA RBCTIFASaA (GROTS) 
SckiimrtcUfaseiaGtate,i8l4,t” Pfoc. Boston Soc. Nat. Hist., v. i6, 

A Dy”- '903. N^ Amer^p.. i». » 6 ,. 

Bagisara rectifascta Hampson, 1910. «» Cat. Lep. Phal. Bnt. Mns., v. 9, p, 15^ 

One moth was reared September 1 and one September 23. 19,8, from 
larvae collected on Malvaviscas drummmdii August 10, 1918 (Anahiiac, 
Tex J D More). Dr. Dyar, who determined the Noctuidae, informs 
me that the larva of this species has not been described. Unfortunately 
those preserved with the foregoing experiment are CatocaUnae of some 
kind and probably have no connection with the adults reared. 

SUBFAMILY EREBINAE 

ALAB.AMA ARGILLACEA (hOBNER) 

AUtia argillocea Hfibner, i8ao, Zuli. Samml. Exot. Schmett., fig. 399. 
Alabama cgiUac^ Dyar, 1903. Lh* North Amer. Lap., no. ajSS- 

Several moths were reared from larv® feeding on the cotton leaves. 
Larva were taken September 25. 1918, at Dickinson, Tex., and moths 
^ly in October of the same year. The species pupates within the 

folded leaves on the plant. 

AN0M[S EXACTA Ht)BNER 

^rt4>iftw txacta Hiibner, i 8 io, Sammb Exot. Schmett., v. a, pi. 411. 

Dyar. .903. Ust North An^r. Lep., no. 2557 - 

One moth was reared September i, 1918, from a larva collected on 
Malvaviscus drummondii, Anahuac, Tex., August 14, 191 G- 
The larva pupated August 21, spinning a loose Ue of several leaves. 

anomis brosa hCbnbr 

Anami. aosa Hflbner. .S.8, Zutr. E^t. S^^tt 6?- 

Anami. ^asa Dyar, .903, North Amer, I^p.. no. a55«. 

One moth from Brownsville, Tex., January 19, I 9 i 9 , was reared trom 
a papa In the tied kaves of incanum (H. C, Hanson, co ec or 

PAKiLY LYCAENIDAE 

STRTMON MBUNOS HCBNER 

r M .m i n mtKuiu B&bott. 1818, Zutr. Exot. Schmett., fig. 12 ‘. 

Tli» caterpHtor feeds cm a gie« boring 

into the latter and feeitaig upon lint and seeds 
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rown a hole which reminds one very much of the exit hole made by a 
nink bollworm. 

^ The larva itself looks nothmg like any of the others here treated. 

It i$ spindle-shaped, sharply tapering at each end, broad in the middle 
• proportion to its length, with a small head, the body covered with fine 
^iff secondary hairs, and greenish yellow in color. 

^ In addition to cotton we find it frequently on okra, Kosteleizkya spp,, 
^ialvawciis drummondii, and Hibiscus spp. On these it fed on the 
'seeds boring into the seed pods, or upon the blossoms. 

The table of larval characters will serve to place the forms here treated. 
The characters given are not to be understood as diagnostic in all cases. 

In the Cosmopterygidae, for example, seta I is often as far from III 
as it is from II as in the Gelechiidae or the Oecophoridae. There are 
also a few exceptions to the gelechiid character (the remoteness of 
p'eranial seta V from A®). The characters hold, however, for all the 
spLies here treated occurring on Malvaceae. 

Characters of larva likely to be confused uiih ike pink hollrntm 

I Body depressed and spindle-shaped, covered with secondary seta^ . . Lycakkidae. 

Body otherwise ^ 

2, Setae IV and V on proleg-bearing abdominal segments closely approximate . . 3 

Setae IV and V on prol^-bearing abdominal segments \\ell-separaled 13 

3. Prespiracular ^ield of prothorax bearing two sets only 4 

Prespiracular shield of prothorax bearing three set® 5 

Prolegs long and slender; body of lar\^8e normally with one or more second- 
ary set® 

Prolegs otherwise ; body with only primary set® Pyralidae. 

5. Body vtith one or more secondary set® Ethmiidae. 

Body with only primary set® ■ — • • - ^ 

6. Ocelli I to IV grouped together, forming a trapezoid; ocelli V and VI fairly 

close together but well -separated from the other four Aegeriidak. 

Ocelli otherwise " 

7. Paired dorsal set® II on ninth abdominal segment closer together than 

paired I on dorsum of eighth abdominal segment; usually on a single 

chitinization ^ 

Paired dorsal set® II on ninth abdominal segment at least as far apart as 
paired I on eighth abdominal segment and not on a single clutmization. . 9 

8. Set® I and III closely approximate on ninth abdominal segment 10 

Set® I and III not closely approximate on ninth abdominal segment Tortricidae. 

9. Epicranial seta remote from (farthei from than is from A ) GHuECHimAE. 

Epicranial seta L* approximate to A^, at least no farther from A than * 

from ” 

10. Seta 11 “ on prothorax higher than 1 “ CoRMOPTER'iciDAE. 

(in part: Pyrodcrccs Tiieyi)- 

Seta 11“ on prothorax not higher than I “ 

^ ^ * Piiai^onudaE. 

11. Prothoracic legs very close together, cox® touching Bl.^stob.asid 

Prothoracic legs appreciably separated 
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Set® III on abdominal segments I to VII anterodorsad of and dose to the 

spiracle Stenoj®) 

Set® HI on abdominal segments I to VII dorsad of the spiracle; if occa 

sionally somewhat antero-dorsad not close to the spiracle Oecopho 

Seta IV directly behind the spiracle on proleg-bearing abdominal segments' ^ 
crochets of prolegs arranged in a mesoseries; two set® only on prespiracul 

shield of piothorax; no secondary hair on body or head 

(in part, as here'repre*^: 




PLATE 93 

Male genitalia (Gelechiidae); 

A. — GefecAw irophella: Posterior part of tegumen, showing imcus and ^nathos 

ventral view. ' 

B. — G. irophella: Lateral view of male genitalia with eighth abdominal segment 

attached. 

C. —G. Atfcwceifa; Lateral view of male genitalia with eighth abdominal segment 

attached. 

Explanation of symbols applied to male genital organs on Plates 93100. 

Ae==aedoeagus (outer dhtinous sheath of penis). 

An—anellus (chitinous support of aedoeagus). 

Aos=opening in tegumcn through whidi anal tube passes. 

Cl=ciasperon harpe. 

Cns=comutus (oomuti) spine or spines an penis proper, 

Cs—cucullus of harpe. 

Gn=gnathc». 

Hp“harpe. 

Si~soci. 

Tg“tegUBien. 

Ts^stranstilla (a costal bridge, or sometimes elements thereof not nnittcl; con- 
necting the harpes). 

Vm^vinculum. 

U=imcus, 

A Vnis»stemite of eighth abdominal segment. 

A Vlllt^tergiie of eighth abdominal segment. 





PLATE 94 

Male genitalia (Oelediiidae); 

\~Telphusa mariona (type): Lateral view of male genitalia. 

13 mariona (type): Posterior part of tegumen, showing nnciis, ventral view, 
C.—Gelcchia neotrophella (type); Aedoeagus and penis. 

neotrophella (type): Lateral view of male genitalia with scdoeagus and 
eighth segment removed. 

K. — G. neotrophella (type); Posterior part of tegnmen, showing uncus and gnathos, 
ventral view. 

F. -— G. neotrophella (type): Posterior half of harpes, ventral view, 

G. —G. neotrophella (type): Sternite and tergite of modified eighth abdominal 

segment. 



PLATE 95 

Male genitalia (Gelechiidae, Stenomidae, and Oecophoridae): 

A . — Isophrictis similiella: Ventral view of male genitalia, spread, 
h.^Aedemosts haesitans: Ventral view of male genitalia, spread. 

C. — A. Enlargement of typical split hair on cncullus. 

D. —Botkhausenin /asciata: Ventro'lateral view of male genitalia, spread, showing 

asy m metrical armlike projections from gnathos and costa of harpes. 





PLATE 96 

Male genitalia (Oecophoridae): 

K.'-Borkkausen^ minutella: Acdoe^us. 

R — /^. minuiella: Ventral view of male genitalia, spread, aedoeagus omitted. 
Q—B. diveni (type): Ventral view of male genitalia, spread. 

D.— B. diveni (type): Dorsal view of an abdominal segment showing spmose con- 
dition of abdomen. 

E — B. diveni (type): Modified tergite of eighth abdominal segment. 

F.— B. diveni (type): Modified stemite of eighth abdominal segment. 



PLATE 97 

Male genitalia (Oecophoridae): 

A. — Borkkausenia conia: Portion of of seventh abdominal segment, sliowing 

spinose and chitinized character of caudal margin. 

B. —B. conia: Ventral view of male genitalia, spread, aedoeagus omitted. 

C. —B. conia: Aedocagus, 

D. — B. conia: Modi6ed tergite of eighth abdominal s^ment. 

E. — B, conia: Modified steraite of eighth abdominal segment. 





PLATE 98 

Male genitalia (Blastobasidae): 

A..—Zenodochium ciiricolella: Aedoeagus. 

h—Z.citicoklla: Lateral view of male genitalia, right harpe and aedoeagus omitted. 

C. -Z. ciiricolella: Right harpe. 

D. —Holcocera ochrocephah: Ventral view of male genitalia, spread, aedoeagus 

omitted. 

E — ochrocephala: Dorsum of an abdominal segment showing transverse row of 
spines. 

F.— H. ochrocephala: Aedoeagus and' penis. 
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PtATE 99 

Male genitalia (Olethrcutidae and Blastobasidae); 

A -^focidosma pUhtiam: Ventral \new of male genitalia, spread. 
^.^ExKOSma discreiivana (type): Ventral vic^v of male genitalia, spread. 
Q^^Holcocera confamuUlia (type): Ventral view of male genitalia, spread. 





PLATE 100 

Male genitalia (Phaloniidae and Pyralidae): 

A, —Phalonia cepkalanihana (type): Ventral view of male genitalia, spread. 

B. — Homoeosoma elecUllum: Ventral view of male genitalia, spread. 



PLATE 101 
Larval structures: 

k.'—Pectinophora gossypitlh: Head capsule, dorsal view, diowing arratigcment of 
setae. 

B. — P. gossypieUix: Head capsule, lateral view, showing arrangement of setT 

C. — J^icyiiwfomto juiianalis: Head capsule, dorsal view, showing arrangcinont of 

sets. 

D. — D. juUanalis: Head capsule, lateral view, showing arrangement of seta- 

E. — Meskea iyspieraria: Head capsule, dorsal view, ^wing arrangement of seta 

F. — Af. dyspterana: Head capsule, lateral view, showing arrangement of seta 

Explanation of symbols applied to tarvse on Plates 101-106. 

A‘, A^ A^ A‘=s®anterior setse and puncture of epicramum. 

AdP, AdP, AdP— adfrontal setse and puncture of epicianium. 

ADER— adfrontal ridge of frons. 

ADFS=s:adfrontal suture. 

AF=anal fork. 

E', E^— epistomal seta. 

F*=frontaI seta and puncture, 

FR— frons. 

G‘, G*-genal seta and puncture of epicranlum, 

LS L*=*lateral seta and puncture of e|»craatum. 

LR— longitudinal ridge of frons. 

0 ^ CF. O^r O~ocellar setx and ptmetare of e]Mcranium. 

P^ F, P‘, P*>==po8tcrio^ setse and pttiiictttresoiepicranium, 

SMp-platelikc chitinizatiem on sabmentum. 

SO‘, S(y, SO\ SO^^subocellar se^ and puncture of epicranium. 
X=Cltrapo5tcrior set® and punctures of epicramum. 







PLATE 102 
Larval structures: 

h.—Pyroderces rileyi: Head capsule, dorsal view, showing arrangement of setae. 

B. — P. rileyi: Head capsule, lateral view, showing arrangement of setae. 

C. —Crocidosema plebeiana: Head capsule, dorsal view, showing arrangement of setae. 

D. — C. plebeiana: Head capsule, lateral view, showing arrangement of setae. 
'E—Zenodockiwn citricoleUa: Labium and maxillae. 

V.—hophrictis similiella: Head capsule, dorsal view, showing arrangement of seta?. 



PLATE 103 
Larval structures; 

A. ^Pectinopkora gossypielUi: Sctal maps of first and second thoracic ajid third 

eighth, and ninth abdominal segments. 

B. — DtcywofciJiia ptlianalis: Setal maps of first and second thoracic and third 

eighth, and ninth abdominal segments. 

C. — P>TrNifrcej riUyt: Setal maps of first thoracic and eighth and nintii abdominal 

segments. 

h.—Heliothis obsoUia: Setal maps of first thoracic and third abdominal segments. 
E. — Crocidosema pkheiana: Setal maps of first and second thoracic and third, 
eighth, and ninth abdominal segments* 

















PLATE 104 
Larv'al structures: 

h.—Platynoia rostrana: Setal maps of first and second thoracic and third, eighth, 
and ninth abdominal segments. 

B. —Mejka dyspieraria: Setal maps of first and second thoracic and third, eighth, 

and ninth abdominal segments. 

C. — Zenodockium citricolella: Setal maps of first thoracic and third, eighth, and 

ninth abdominal segments. 

D. — Aedmoses haesitans: Setal map of third abdominal segment. 

E. — Moodna ostrinella: Setal maps of second thoracic and eighth and ninth abdomi- 

nal segments. 



PLATE los 

Larval structures: 

A. — Plaiynoia rostrana: Setal maps of eightL and ninth abdominal segments 

dorsal view. 

B. — Eucosma helianihana: Setal maps of eighth and ninth abdominal segments, 

dorsal view. 

C. — PecHnophora gossypielh: Setal maps of eighth and ninth abdominal segments, 

dorsal \4ew. 

D—Pyroderces rileyi: Setal maps of eighth and ninth abdominal segments, dorsal 
view. 

PecHnophora gossypiella: Prothorax, ventral view, showing position of legs. 
'F.-~Telphma mariona: Ventro-caudal view of tenth abdominal segment, showing 
anal fork. 

G. — Crocidosema plebeiana: Ventro-caudal view of tenth abdominal segment, showing 

anal fork. 

H. GeUckia neotrophella: Ventro-caudal view of tenth abdominal segment, showing 

anal fork. 

1—Zenodockium citricolella: Prothorax, ventral view, showing position of legs. 
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PLATE io6 
Larval structures: 

A —Pectinobhora gossypiellc: Crochet arrangement of abdominal prolegs. 
B ^Croddosema plebeiana: Crochet arrangement of abdominal prolegs. 

C ^Pyjoderces rileyi: Crochet arrangement of abdominal prolegs. 
'[),-~Dicymolomia julianalis: Crochet arrangement of abdominal proleg, 
V^^—lhlioikis obsokia: Crochet arrangement of abdominal proleg. 



PLATE 107 
Pupal structures; 

A. ^PecHnophora gossypiella: Ventral view of pupa. 

B. — Peciinopkora gossypiella: Caudal end of pupa, lateral view, 

C. — Peciinopkora gossypiella: Mature pupa, ventral view, shaded to show ev 

imago visible through pupal skin and characteristic pubescence of the n ° 

D. — Peciinopkora gossypiella: Dorsal view of pupa. 

E - — Pyroderces riteyi: Ventral view of pupa. 

F . — Pyroderces rileyi. Dorsal view of pupa. 

Explanation of symbols applied to pupse on Plates 1 07-1 09. 
a = antenna. 

q} to o‘“— abdominal segments i to 10. 
ao— anal openii'g. 
c/=clypeus. 
cr= cremaster. 

/= front. 

/^=femora of prothoracic leg. 

/a=frDntO“Clypeal suture. 

9=gena. 

^4;=glazed eye. 

9o=genital opening. 
i^=Iabrum. 

prothoracic leg. 

F=mesothoracic leg. 

P— metathoracic leg. 

labial palpi. 

»Mi=mandibIe, 

«/>=maxiliary palpus. 
ntx=maxilla. 

^/=pilifer. 

fc=sculptured eyepiece. 

P=prothorax. 

F— mcsothorax. 
metathorax, 
vertex. 

w'ssmesothoracic wing. 





PLATE io8 
Pupal structures: 

K.—Crocidosema pleheiana: Abdomen of female pupa, ventral view 

B. — C. pleheiana: Abdomen of male pupa, ventral view, 

C. -C. pkbHam: Lateral view of an abdominal segment,' showing arrangement and 

character of dorsal spines; one spine greatly enlarged to show shape, 
pleheiana: Abdomen of pupa, dorsal view. 

U.—Dicymolomia julianalis: Dorsal view of pupa. 
julianalis: Caudal end of pupa, lateral view. 

G. — D. julianalis: Caudal end of male pupa, ^^entral view. 

H. — D. julianalis: Ventral view of female pupa. 



plate 109 
Pupal structures: 

A.— dyspierafia: Caudal end of female pupa, lateral view. 

B — iVf. dyspteraria: Abdomen of female pupa, ventral view, 

C — Af. dyspieraria: Male pupa, dorsal view. 

D.— Af. dyspteraria: Caudal end of male pupa, lateral view, 

A/, dyspteraria: Male pupa, ventral view. 

F. — Amarhia emigratella: Abdomen of pupa, dorsal view. 

G. —Telpkusa mariona: Caudal end of pupa, ventral view, showing peculiarly 

scaUoped and fringed caudal maigin of seventh abdominal segment. 
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biology of the smartweed borer 
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pyrausta 


By GborgB G. Ainsue, Entomological Assistant, and W R r. 

Assistant, Cereal and Forage Insect Investigations, Bureau of Scientific 

ureau of Entomology, United 


States Department of Agriculture 


INTRODUCTION 

The attention of the senior author was first oalUH +1, 
borer in 1912. when hibertiating larv* were found in conrstalksTSnf 

u"' T°”"" undetermined at th^ 

time, but field and rearing records made in Tennessee and neighboring 
States since then have indicated that it is of no importance as a pest At 
present, however, it is of considerable interest because of its similarity 
both in habits and appearance, to the European com borer (Pyraust^ 
niMahs Hiibner). Until recently, also, it has been confused with 
another similar species, P. penitalis Grote, which feeds on lotus; and 
the purpose, in part, of this paper is to rectify this error. 

Although Dr. E. Mosher (7, p, 264) ^ recorded differences of structure 
and the present authors found distmct variations in habit between the 
insect under discussion and the true Pyrausta penitalis, the former was 
first definitely recognized as an undescribed species by Mr. Carl Heinrich 
(6) of the Bureau of Entomology. Mr. Heinrich gives in detail the 
morphological characters separating the species mibMis, penitalis, and 
ainsliei in all stages. Chittenden (z) has well summarized all the avail- 
able records of the smartweed and lotus borers, although he was not 
aware that two species were included. 


DISTRIBUTION AND HOST PLANTS 

The smartweed borer is known to occur in Massachusetts, New York, 
Pennsylvania, Ohio, and Illinois; and the writers have taken it at numer- 
ous points in Tennessee and -Kentucky and at Clemson College, S. C. 
Polygonum pennsylvankum, its principal food plant, occurs throughout 
the eastern half of the United States, and it is likely that the distribution 
of the borer is coextensive therewith. 

The plants in which the larvae are found must be divided into two 
groups, namely, food plants proper and shelter plants. 


* In recent papers by Flint and Mallodi (z, ^), the name Pyrausta obumbraialis Lcderer (misspelled 
obumhratilis) is used for this species. While it is possible that ainsliei vriU prove to be a s^monym of obum- 
bralalis, it seems inadvisable at this time to use thb latter name for this species, for, until I.€derer’s type 
can be examined and its exact identity and relation to the other species under discussion determined, its 
use -will simply add confusion to a matter which seems in a fair way to be solved. 

’ RUerenceismadebynumber (italic) to "Literature cited," p. 844. 
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FOOD PLANTS 

Riley (according to Chittenden, i, p. 454) > who first noted what was 
probably this species, found larvae in stems of Polygonum incamatum; and 
Hart (5, p. iSz) mentions that it has been reared from the same species 
atUrbana, 111 . Chittenden states that there is a moth in the National 
Museum reared from stems of Polygonum hydropiper^s . The foregoing 
references occur under the name of Pyrausia penitalis, but r^te without 
doubt to Pyrausia ainsliei. After investigating the matter in New York, 
Dr. E. P. Felt writes that in his opinion— 

Pyrausia ainsliei occure very commonly in Polygonum fennsyhanicum in this section 
[New York] and much more rarely in P. lapaikifolium. 

Mr. D. J. Caffrey writes that Pyrausia ainsliei has been reared from 
Polygonum persicaria in Massachusetts. 

The work of the present authors indicates very clearly that south of the 
Ohio River, at least, Pyrausia ainsliei breeds only in Polygonum pennsyl 
■vanicum. Despite the most careful and persistent search they have failed 
to find either larvae or eggs, or any trace of them, on plants of any other 
species even though growing in the immediate vicinity of Polygmum 
bennsylmnicum and often in the same clump. The species of the genus 
Polygonum are often confused, and determinatjons of plants for 
entomolo^cal purposes are so often made carelessly or from insufficient 
material that further work appears necessary in order that the occurrence 
of this horer in species other than Polygonum pennsylvankum may be 
verified. As Polygonum incamatum is now considered a synonym of 
Polygonum lapaihijolium the following are here listed as reported natural 
food plants of Pyrausia ainsliei: Polygonum pennsylvanicum, Polygonum 
lapaihijolium, Polygonum hydropiperoides, and Polygonum persicaria. 

It should be stated that although never found on them in the field, 
larvre have been reared from eggs to full-size caterpillars on leaves of 
curled dock {Rumei crispus) and buckwheat (Fagopyrum jagopyrum), 
both of which are close relatives of Polygonum. Leaves of all com- 
mon weeds and plants were offered to the larva, but in every case exapt 
the rivo mentioned above they were either refused or only slightly 
gnawed On leaves of lotus (Nelumbo luiea) the larva m several expen- 
ments starved to death after merely pitting the 
Heinrich's sUtement (d, p. ns) that we have reared these larvs 
maturity on N. luiea is an error. 

SHELTER PLANTS 

The other group, shelter plants, includes all 
are entered by larva seeking winter quarters. The 

will eventually contain practically all the prthy summ^^^^^^ 

the bark of which Is not too dense to penn^ the entrsmc f t 
Some of the larva remain in the stems of smartweed, but 
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obscure reason many leavethdrfo^^Tpi^tanTZT^ ^ 

that will give them dry quarters through the v^nte 

which larvre have been found by the authors are as follJ “ 

mays), ragweeds (Ambrosia trifida and Ambrosia 

bur (Xanthium communis), goldenrod (Solidago son 

timothy (Ph^m pratense), cattail to»/o4 ’bemr 

Upinnata and B. jrondosa), and numerous other wild 

condition for determimtion. Dr. Felt adds Brassica arne«n “nTSlt” 

tenden (i) lists raspberry stems, to which the Iarv;p ao,' a ^ 

through the cut ends. Eupatorium sp., in which larv* entrant 

Missouri according to Chittenden, is also undoubtedly a h “ 

plants. The larvae burrow the stems enough to construct v 
sufficiently large to contain them ; and even in this process as th 
have observed, they do not swallow the plant tissue but eject it W ^ 
mouth. It IS this habit of seeh-ng shelter wherever it may be fLnd ^ 
pedally in comstelks, that seems likely to lead to some confusion ’ fo^ 
the larvs are so similar to those of Pyrausta nubilalis, the European com 
horer, that without careful laboratory study the two can not be differ- 
entiated. 

SEASONAI, HISTORY AND HABITS 


In Tennessee there are two generations of the smartweed borer each 
year. Adults reared at Knoxville emerged from May 26 to October ,0 
with two well-defined periods of maximum abundance the first from 
June 20 to July 5 and the second from August 18 to 30. Moths emerrinv 
in June at once oviposit, and the resulting larvae complete their growth 
early in August and immediately pupate in their larval burrows in the 
smartweed stems. The moths emerge later in the same month and give 
nse to the second generation of larva, which reach full growth before 
winter and without further feeding remain in the food or shelter plants 
unchanged until they pupate in May and June of the following year 
Very few published data are available. Hart (5, p. 182) states that 
moths (probably of this species, as there is no Nelumbo near Urbana) were 
taken at light at Urbana, 111., from May 19 to August 6, and that a single 
mot was reared July i. In Missouri moths issued from smartweed from 
May 29 to June 6, and others are labeled October 9. Although scat- 
tenng data on this species are included in his paper, Chittenden's conclu- 
sions do not agree with the actual life history as the authors have found it 
^ 

la a reared series of larvre from eggs hatching August 16 a number of 
0 s emerged October 13 and 15. This is difficult to explain except on 
abnormal conditions, for it does not seem possible that in 
e mot s emerging so late could produce another generation, and 
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under natural conditions neither pupae nor moths have been found at 
this time of the year. 

habits of the moths 

The moths frequent low, moist situations where the food plants grow 
normally. During the day they rest on or under the leaves and when 
disturb^ make low direct or circuitous flights within the bounds of their 
haunts. 

THE EGGS 


Eggs have been taken many times in the field, but oviposition has not 
been observed. It doubtless occurs at dusk or during the night, and 
possibly on cloudy days, as the moths seem active only at such times. 
The eggs are laid in small patches or often in rows, with the individual 
eggs overlapping shingle fashion, on the underside of the leaves, more 
often those near the tips of the branches, and either on the leaf blade 
proper or close beside the midrib in the angle between it and the blade. 

Near Union City, Tenn., on August 8, 1919, the senior author found 
an isolated clump of six plants of Polygonum pennsylvanicum. Thirty 
egg masses were found on these plants, all but one or two close beside 
the midrib on the under surface of the leaf. In three instances there were 
more than one mass on a leaf, but the difference in the stage of develop- 
ment clearly showed that they had been laid at different times. The num- 
ber of eggs per mass varied from 4 to 1 6, the average being 9.3 . In another 
collection of 17 egg masses made at Knoxville, August 12, the number of 
eggs varied from 7 to 14, with an average of 9.47 per mass. 

As the egg has not heretofore been described, its description follows: 

Egg.— Flat, thin, scalelike, laid in flat masses or rows of from 4 to 16, shingle 
fashion,eacheggabotJthalfoverlappmgitspfedeces 80 f. The individual eggisbroadly 
elliptic, sometinies almost circular in outline, about 1.313 mm. long and 0.886 mm. 
broad. Chorion evenly reticulated all over with a close network of very' fine but 
sharply elevated lines. Pale watery-greenish in cok^, nearly transparent when first 
laid, soon becoming more opaque, after which the embryo takes shape as a darker 
gretti.more transparent object in the center. No marked change then occurs until 
just before hatching, when the eyes mid the mandibles darken, the color spreading to 
the whole head which becomes brown and plainly visible and appears detached 
because of the paleness and practical inviabUity of the larval body which lies bent 
around the periphery. 

The period of incubation in June and July is six days, in late August 
five days, 

HABITS OF THE LARVAE 


Upon hatching, the young larva at once enter the stem near the tip of 
a branch, choosing' the base of a pe^le for thdr point 
they are sMnewhat gregarious at this stage is shown r ® 
the towe hatching f rwn «« mass usually enter the stem 
point, iriiich may be several inches from the tgg mass. 
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and second instars burrows are often found containing a number of larvae 
Their work very quickly results in the wilting of the tender tips above the 
point of att^k, and these drooping tips soon become to the observer an 
almost certain indication of the presence of the young larvte. As soon as 
the food supply here is exhausted the larvse desert this portion of the stem 
and scatter, each reentering at another point to make a burrow of its 
own, and thereafter only one larva is found in a burrow, although it often 
happens in a thickly infested stem that these burrows are practically 
continuous. The stems of Polygonum pennsylmnkum are thick-walled 
and succulent, with only a very small central cavity. The larvae cut 
into this cavity, almost invariably entering at the swollen node just 
below the base of the ocrea, and consume the succulent tissue, leaving 
only the very thin, fibrous, outer bark. They do not hesitate to abandon 
a burrow and seek another location whenever the food supply fails. The 
larger stems are attacked first, but later the branches are utilized, often 
those so small that the larvse can scarcely crowd into them. The bur- 
rows are kept clean, all excrement being disposed of through the entrance, 
which is left open, although with the growth of the plant it often partially 
heals. 

Larvae of the first generation make no effort to leave the smartweed 
stems but pupate in them as soon as fully fed. Those of the second 
generation attack the plants in the same way and feed as did their pro- 
genitors until they are fully grown. This stage is reached about the last 
of August, and thereupon many of the larvse abandon their host plant 
and seek shelter elsewhere. Those entering cornstalks have been par- 
ticularly noted. Neither thoroughly dry nor green stalks suit them as 
well as those of intermediate condition. They enter preferably under a 
leaf sheath or behind an ear. Their presence is indicated by the fluffy 
white pith showered from the entrance hole upon the leaves below. The 
entrance hole is perfectly round and clean-cut, and the burrow ^vithin is 
of equal diameter, 3 to 3.5 mm., and is kept clean and free of all cuttings 
and excrement. It turns downward from the entrance and is from i 
to 4 inches long. Early in October the larva closes the entrance with a 
drum-tight sheet of silk, quite effectively camouflaged by the incorpora- 
tion of a few brownish particles of the chewed bark. 

As far as determined the larvae are not torpid during the period of 
hibernation. Repeated collections of larvae in the field during the winter 
show them always quick to respond when disturbed. There is no evi- 
dence that they consume any food before pupation after leaving their 
food plants in the fall. In making their winter burrows in the shelter 
plants they do not swallow^ the tissue but discharge it from the mouth 
in sawdust-like particles. 

No very definite cocoon is constructed by either generation. In 
smartweed the burrow is lightly plugged above and below the pupa 
29666°— 21 5 
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with pith particles interwoven with silk, and sometimes in the larger cavities 
a light cocoon is constructed, hardly more than a network of silk fibers. 
The° burrow formed in smartweed by the larv$ of the first generation 
runs upward from the entrance; and the pupal chamber, in which the 
pupa lies head downward, is i or 2 inches above the exit hole. The 
emerging moth breaks the partition and leaves the pupal envelope in the 
chamber. In com the cocoon is even less elaborate, and the most evident 
difference is that the pupa hes head upward in the burrow. 

RBARINO RECORDS 

Eggs were easily obtained from moths collected in the field and con- 
fined in lantern-chimney cages rvith a potted smartweed or in i -ounce 
tin boxes containing a leaf of the same plant. The eggs hatched nor- 
mallv, and the young larvae were transferred singly to i-ounce tin boxes 
for rearing. The larvae while young thrived on smartweed leaves, but 
in later stages they preferred the stems. 

Table I contains the condensed data obtained from a senes of larvae 
hatching from eggs laid July 21 and from miscellaneous rearings from 
partly grown larvae taken in the field. 

Table l.-Ltngih. in days, of inslars and stages of Pysansia ainsUei 


Stage. 

Mfudmum. 

Mmimum. | 

Average, 

Number 

averaged. 


6 

5 ’ 

6 






^56 

Larva: 

4 

3 

3- 27 

tS 

II 

6 

3 

4 . 64 

14 

Ill ! 

7 

4 

5 . 23 

14 

IV 

7 

4 

5‘5S 

9 

V 

13 

3 

7 . 66 

6 

VI 

3& 

18 

33- 67 

3 

Pupa 

16 

13 

13' 33 

3 




69 - 34 


Total 

— 


1 


Table II contains similar daU obtained from a series of 60 lars^* reared 
individually from eggs hatchii^ August 18. 

. ■ - f - I j nf Pvrausia ainsliet 


Stag*- 

Ilyy^iniam 

Mlnbaittin. 

Average. 

■ 

5 

5 

5 



Larva: 

3 

3 

3 

11 

8 

3 

4.90 

III 

9 

3 

5-30 

IV 

iS 

5 

10,31 

34. 66 

13. 30 

V 

37 

17 

30 

6 

Total 


i 

6+37 


dumber 


60 

50 

43 

32 
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It will be noted that in Table II nniv ; i. ^ 

tbe fourth b nearly equal to the combined leiiert onh^f 

are dear. The matter will be reviewed another year 

Chittenden mentions n and 17 f^y^./fspectively,' as the lengths of 

from 


the pupal stage of two specimens reared by him from cornstalks 


Kansas. 


naturai^ control 


The smartweed borer varies greatly in abundance from year to year 
and this seems to be due, in Tennessee at least, to variation in the abun- 
dance of Its parasites. Here the most important of these appears to be 
(Panzeria) Pyraustomyia pemtalis Coq., as over 40 per cent of the lar^^^ 
taken in the field at Knoxville for rearing were killed by it. Chittenden 
notes that this same species also killed more than 50 per cent of the 
larvae taken by him in raspberry stems. The host grows normally and 
reaches its final instar before the maggot emerges. In its last instar 
the host becomes sickly and inactive, paler than normal, and finally 
incloses itself in a loose webbing. The parasite maggot emerges and 
pupates beside or partly within the remains of its host, often closely 
crowded into the cavity with them. In the ovenvintering larv^ the 
parasite remains within its host’s body until spring and about the middle 
of May emerges and pupates in the normal manner. The pupal period 
for the fly varies from 13 to 16 days, being more often the latter. The 
flies that have been reared by the authors have emerged during two 

distinct periods — May 30 to June 10 and August 18 to September 12 

coinciding closely with the normal dates for the emergence of the moths. 
This leads to the assumption that the flies must attack the host larv^ 
during their early instars. 

Coquillett {2, p. 15, 17, jp, 27) records three other tachinid flies (two 
of them quoted from Townsend (p, p, 467) ) as reared from ''Pyrausta 
peniialis*' — namely, Exorista vulgaris EaU.^Hypostenavariabilis Coq., and 
Phorocera comsiocki Will,, but the information given is not sufificient to 
determine whether they are parasites of Pyrausia ainslki or of the true 
Pyrau^ta penitalis. 

Crermstus facilis (Cresson) was reared by Chittenden. 

Three apparently distinct hymenopterous parasites have been found 
by the writers. One of these had spun a white cocoon and attached it 
to the remains of a host larva in its burrow. The second species was 
represented by small grubs which filled a dead larva. These grubs later 
made gray cocoons, only one of which developed. Two grubs of the 
third species were found attached externally to a larva. One of the 
grubs developed to an adult and was determined by Gahan as Micro- 
hracon sp., a male, and not specifically determinable. The authors 
have not received determinations of the other material. 
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Aside from true parasites, a coleopterous larva found preying on a 
larva of Pyrausia aimliei was reared and determined by Schwarz as 
CaUida decora Fab. Larv* of Chauliogru^thus pennsylvan^ DeGeer 
are often found in the burrows and doubtless make way with some of the 
borers. In two instances they have been found feeding upon the con- 
tents of the puparia in the stems. Forficulids have been found in the 
burrows, but they probably act merely as scavengers. 
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EFFECTS OF X-RAYS ON TRICHINJB 

By Benjamin Schwartz 

ZoologkaimviHon,BureauoJAnimalIndu.try,UnitedSUtesDeparimentofAg,icuUu^^ 

INTRODUCTION 

The object of the experiments that are described in this paper was to 
determine whether X-rays exert deleterious influences on trichina 
(Trickinella spiralis), with a view to the practical application of X-ray 
radiation to the destruction of trichina in pork. These experiments 
were performed with the cooperation of a commercial firm that was 
operating X-ray machines in Florida. The experiments were planned 
and die details arranged by B. H. Ransom, Chief of the Zoological 
Division of the Bureau of Animal Industry, in consultation with the 
roentgenologist of the firm in question. The former supervised the 
tests made by the writer to determine the effects of the X-ray treatment 
upon the trichina, while the latter carried out the portions of the investi- 
gations relating to the X-ray treatment, calculations of the X-ray dos- 
ages used, etc. 

The number of experiments that have been performed are insufficient 
to warrant any definite conclusions concerning the feasibility of applying 
X-ray radiation to the destruction of trichinae in pork in routine packing- 
house procedure. Aside from the fact that the expense involved may 
render that procedure impracticable, much more experimental work 
than is presented in this paper would be required to demonstrate whether 
X-ray treatment could be depended upon to destroy trichinge. The 
experimental data at hand are of interest from a general scientific view- 
point, however, and it is from that point of view that they are presented. 

In a discussion of the effects of X-rays on the flour beetle {Tnbolium 
conjusum), Davey, * referring to his own work and the work of various 
other investigators, states : 

X-rays may act upon an organism (or on a single type of cell in that organism) in 
one of three ways: (i) to produce a stimulation; (2) to produce a destructive effect 
which takes place only after a certain latent interval; (3) to produce an instant de- 
stnictive effect. 

That the effects of X-rays on trichinae so far as they are injurious 
become evident only after the parasites are subjected to influences that 
stimulate them to growth and development, or, in other words, after they 
reach the intestine of a host in which they normally attain sexual maturity, 

' Davby, Wheeler P. ths amcT ot x-ravs on thb tENcra op lips op tribolium confusum. In 
Jour. Exp. Zool.,v. 2a, No. j.p. 575-576. [917. 
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and accordingly, that X-rays act on trichinae in the second of the three 
ways mentioned above, is indicated by the results of the experiment 
recorded here. 

METHODS OF EXPERIMENT 

The trichinous meat used in these tests was obtained from hogs (series 
I, II, III, and V) and guinea pigs (series IV). The animals were arti 
ficially infected by feeding them trichinous pork. The infested pork to be 
exposed to X-rays was obtained from hogs that were killed several months 
after artificial infection. Trichinous guinea-pig meat was obtained from 
animals kept about a month after artificial infection, 

Trichinous pork was packed in wooden or cardboard boxes in Wash 
ington, forwarded to Florida, where the exposure to X-rays was made 
and promptly returned to Washington, where it was fed to experimentai 
animals in order to determine the effects of the exposure. In a few 
cases portions of the meat that had been exposed to X-rays were digested 
in an acidified solution of scale pepsin, the decapsuled larvm were ex- 
amined, and the results were compared with those of the feeding experi- 
ments. Infested guinea pigs were shipped alive to Florida about 30 
days after artificial infection. The animals were killed with chloroform 
in Florida, the skins and viscera were removed, and the carcasses were 
placed in boxes, exposed to X-rays, and returned to Washington. 

The feeding experiments were performed in Washington, A quantity 
of the treated meat was ground up in a meat chopper and fed to a number 
of rats and, in some cases, mice. Unless they died as a result of infection 
with trichinae the animals were killed at various intervals and examined 
for evidence of infestation with trichinae as noted in connection with 
each experiment. Controls on the meat from the same lots as those 
exposed to X-rays showed that in aU cases in which it was possible to 
maintain controls the untreated meat contained viable trichinae capable 
of normal development. In those cases in which the entire carcasses 
of trichinous guinea pigs were exposed to X*ray treatment it was of 
course not possible to maintain controls. 

EXPERIMENTS 
SERIES I 

X-RAY dosage. — ^The units of dosage used in this series of experiments 
are described by the roentgenologist under date of January 20, 1917, 
on which day the exposures to X-rays were probably made,* as follows: 

I adopted a purely artutrary unit, x,ooo <rf which units are equivalent to a dosage 
received at a distance of 5 inches from the focal spot of a Coolidge tube with a cunent 
qf 4.3 milliaoiperes and a presnire cd 70 Idlovolti across the tube tenmnals. Treat- 
ment cootioued /(M* 41 ntiiiutef. In ordinary X-ray terms this Is equivalent to 172 
milliampere minutes with a ^X-indi and a s-inch distance. 

I TWiii«stsnisnaMiaWsilteiaM«^Ma»ri«»«wlfc«fUo«csperliMDUwcfeb^ 
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BxpERImW I.— Strength of dosage, 2,899 units. 

twelve rats and two mice were fed in this experiment. 

Rats I, 2, and 3 were fed on January 23. Rats i and 2 were chloro- 
formed on January 26. No trichinae were found in the intestines 
Rat 3 February 23; diaphragm negative. 

Rats 4 to 9, inclusive, were fed on January 25. Rat 4 was killed on 
January 26. Trichinae were found in the intestine. The parasites 
were about ready to molt. They were somewhat paler than normal. 
Rat 5 was killed on January 27. No trichinae were found in the intestine! 
No. 6 was killed on February 26; diaphragm negative. No. 7 was killed 
on March 13; diaphragm negative. No, 8 and 9 were killed on March 15; 
diaphragms negative. 

Rats 10 to 12, inclusive, were fed on January 30. Rats 10 and 11 
were killed on January 31. A few trichinae were found in the intestines 
of each animal. The parasites showed evidences of growth. Most of 
them were dead, however, having undergone granular degeneration. 

Rat 12 was killed on February i. A few trichinae were found attached 
to the mucosa of the intestine. These showed evidence of grouTh. 

Two mice were fed some of the treated meat on January 29. Mouse i 
was killed on January 30. No trichinae were found in the intestines. 
Mouse 2 was killed on the same date. A few trichinae were found in the 
intestines. The parasites were dead but showed evidence of growth. 
No details of structure were made out because the parasites had under- 
gone granular degeneration. 

Experiment 2,— Strength of dosage, 966 units. 

Nine rats were fed in this experiment. Rats i to 3 were fed on Janu- 
ary 23. Rat X was killed on January 26. No trichinae were found in 
the intestines. Rat 2 was killed on February 2. A few trichte, appar- 
ently fully grown, were found in the intestines. The parasites showed 
rather striking malformations, which were especially pronounced in the 
reproductive organs. The gonads were shrunken. The uterus ’of female 
specimens contained eggs, but the latter were full of minute granules. 
The receptaculum seminis, which in normal females is crowded with 
spermatozoa, was empty. 

Rat 3 was killed on February 6. No trichinae were found in the in- 
testines. 

Rats 4 to 9 were fed on January 25. Rat 4 was killed on January 27 ; 
intestines negative. Rat 5 was killed on February i ; a few trichinae 
were found in the intestines. The parasites showed marked evidence of 
degeneration. The cuticle was wrinkled; internally numerous vacuoles 
were seen; the sex cells appeared undeveloped; the worms showed very 
feeble movements. No. 6 was killed on February 26; diaphragm nega- 
tive, No. 8 and 9 were killed on March 15; diaphragms negative. 
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Experiment 3.— Strei^h of dosage, 191 units. 

Six rats were fed in this experiment. Three rats were fed on January 
25. Rat I was killed on January 26. Trichinae were found in the in- 
testine. The parasites appeared normal as to size and structure. Rat 

2 was killed on January 29; trichinae in intestines normal; uterus of fe- 
males packed with embryos. 'No. 3 was killed on February 2. Numer- 
ous trichinae were found in the intestines; apparently normal. 

Three rats were fed on January 26. One rat died on February 6. 
Numerous larvae were found in the fluid expressed from the diaphragm. 
Intestines showed numerous trichinae. The Second rat was killed on 
February 1 2 . Numerous unencysted larvae were found in the diaphragm. 
The third rat died on February 24. Numerous encysted trichinae were 
found in the diaphragm. 

Experiment 4.— Strength of dosage, 81 units. 

Five rats were fed in this experiment. Rats were fed on January 23. 
Rat I was killed on January 26; numerous live trichin® were found in the 
intestines. Rat 2 was killed on January 29 ; intestines negative. Rat 3 
was killed on February 3; numerous live trichin® in intestines. Rats 4 
and 5 were killed on March 15 ; diaphragms heavily infested with trichin®. 
Experiment 5. — Strength of dosage, 35 umts. 

Five rats were fed in this experiment. Rats i and 2 were fed on 
January' 23. Rat i was killed on January 26; numerous live trichinae 
in intestines. Rat 2 was killed on January 27 ; results as in No. i. Rats 

3 to 5 were fed on January 29. Rat 3 died on February 5; numerous 
live trichin® in intestines. Rat 4 died on February 24; diaphragm 
heavily infested with trichin®. Rat 5 died March 2; results as in No. 4. 

Experiment b.—Dosage. 19 units. 

Three rats were fed on January 23 with the meat treated in this ex- 
periment. Rat I was killed on January 26; mtestines contained many 
live trichin®. Rat 2 died on February 12; diaphragm not infested. 


Rat 3 diM February 26; diaphragpi heavily infested. 

Artificial digestion tests in experiments i to 6 .--^me of the 
meat used in each experiment was digested in an artificial gastric juice 
January 23. The trichina thus freed from their capsules were examined 
microscopically. They showed no visible evidence of injury, bemg 
active under heat stimulation and remaining tightly coiled at room 

temperature and thus behaving like normal trichin®. 

ItoULTS OP EXPEKIMENTS OP SEMES I.-These experiments mtote 

that trichiiUE are seriously injured by sufficiently high d^ges of X-rays 
Although the trichin* in afl six experiments when freed from the 
cysts by artificial digestion showed no apparent evidence o g 
L, by .be X.«y » .be ™ « 

had been exposed to the heaviest dosage (experiments and U 
to complete their development when fed to «penmenm am® ^ 
Instead of growing end devdopmg in a normal manner, aft 
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that regularly occurs soon after the parasites reach 
underwent degenerative changes, and even in those cases in which thi 
parasites developed to sexual maturity the reproductive pmcesse^ 
were senoudy disturbed. That the reproductive organs are especfa ly 
susceptible to X-ray injury is clearly shown by the results of expLen^ 
2, In this experiment the larvai succeeded in attaining maturity bu 
the sex cells evidently failed to function. ^ 

It is also interesting to note that despite the fact that several rats 
in experiment 3 were not fed until 6 days after the meat had been exposed 
to X-rays, the ammals developed an infection. Thus, in this experiment 
there was evident neither an immediate nor a delayed effect of the X-rav 
treatment upon the encysted parasites. ^ 


SERIES II 

Three experiments are included in this series. The Units of dosage 
used in this series have the same relative values as those in series I. 
Under date of February 5, 1917, the roentgenologist writes as follows: 

The package marked A (experiment 7 ) was given 600 units, the package marked 
“ B ' (experiment 8) 300 units, and the package marked “ C’ ’ (experiment 9) 350 units 

The 30Qimitsgiventopackage'‘B’'weregiven with low density and extra long time. 

The packages marked A ' and “ C ' ’ were gi ven the 600 and 350 units, respectively , at 
high tension— that is, close to the tube and with short time. 

Experiment 7.— Strength of dosage, 600 units. The meat was 

exposed 19 rninutes. 

Three rats were fed on February 8. Rat i died on March i ; diaphragm 
negative. Rat 2 died on March 2 ; diaphragm showed a slight infesta- 
tion with trichinae. Rat 3 died on March 6; diaphragm slightly infested 
with trichinae. 

Experiment 8. — Strength of dosage, 300 units. The meat was 

exposed 46 minutes. 

Three rats were fed on February 8. Rats i and 2 died February 12; 
live trichinae were found in the intestines. Rat 3 died on February 26; 
numerous larvae were found in the fluid expressed from the diaphragm. 

Experiment 9. — Strength of dosage, 350 units. The meat was 

exposed io }4 minutes. 

Four rats were fed on February 8. Rat i died on February 21; 
numerous live trichinae in intestines. Rat 2 died on February 28; 
diaphragm infested with encysted trichinae. Rat 3 died on March i; 
results as in No. 2. Rat 4 died on March 2 ; diaphragm heavily infested 
with trichinae. 

Results of ^cperiments of series IL — The parasites in the meat 
used in experiment 7 were evidently affected by the exposure. That 
some of them, however, escaped the injurious influences of the exposure 
to X-rays may be concluded from the results of the feeding experiments 
which resulted in rather slight infections. 
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SERIES in 

In this series, which includes 12 experiments, the dosages used had 
the same relative values as those of the preceding series. The time of 
exposure and distance from the focal spot in the X-ray treatment of 
the various samples of meat in this series of experiments were not given 
in concrete terms, but in expe^ents designated by the letter a the meat 
was placed at twice the distance from the focal spot and held four times 
as long as in experiments designated by the letter b. 

Two rats were used in each feeding experiment. The rats were fed 

on May 14. 

Experiment ioa. — D osage, 674 units. 

Both rats were killed on June 15 J diaphragms heavily infested with 
trichinae. 

Experiment iob. — D osage, 674 umts. 

Rat I died on May 29; intestines negative; diaphragm negative. 
Rat 2 died on June 12 ; diaphragm neptive. 

Experiment 11 a. — Dosage, 924 umts. 

Rat I died May 28; intestine negative; diaphragiq negaUve. Rat 2 
died on June 12 ; diaphragm negative. 

Experiment iib.— D osage, 924 units. 

Both rats killed on June 15; diaphr^s heavily infested. 
Experiment 12 a. — D osage, 1,363 units. 

The rats were kiUed on June 15; diaphragms negative^ 
Experiment i2B. — Dosage, 1,363 units. 

The rats died on June 17; diaphragms n^Uve. 

Experiment 13A. — Dosage, 2,162 units. 

The rats were killed on June 15; diaphragms native. 

Experiment 13B. — Dosage, 2,162 units. 

The rats were IriJJed June 15; diaphragms negative. 

Experiment 14A.— Dosage. 1,081 units. ^ 

Rat I dead June 5 ; one unencysted larva found in diaphragm. Rat 2 
IdUed June 15; di^hragm heavily infested. 

Experiment 14B.— Dosage, 1,081 units. , . t 

Rat I dead June 12; diaphiagm heavily infested. Rat 2 killed June 

15; results as in No. I. 

Expeeimbnt 15A.— Dosage, 3,094 umts. 

Rau killed June 15; diaphragms negative. 

Experiment 15B.— Dosage, 3,094 units. 

the vitality of the reproductive^ of the effects of 

U accounted for on the bati. of 

X-rays or whether other fagots ware invrfved can 
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_ Under date of June 28, the roentgenologist states that the meat used 
in this senes of expenments was — ^ 

exposed to the direct action of the rays at a distanup nf ^ t 

focal spot of a Coolidge-type tube. The orcssure nor ^ ci^-from the 

Hlovolts, measured by standard sphere gap, and also 

3 hours The lowest reading was 4.2 milliamperes, the highest 4^. ThL Wh 
reading however was for only a short time after the tube was started The un ft 

gradj^lly ^pped dimng ro minutes to 4.3 milliamperes, and during the rest T he 
treatment fluctuated between 4.2 and 4.3 milliamperes 

_ ^e toes were » placed that the rays from other tubes in the machine had very 

little influence on the contents. By calculation it shows as negligible. 

Box A was given an exposure of 42 minutes; boxBanexposureof 84minutes' box C 

an exposure of 126 imnutes; and box D an exposure of 168 minutes. Following the 
system of measurement used by Davey,' which has the merit of being a complete ex- 
pression of X-ray quantity, these dosages would read : 

T, A o mam 

Box A 180 ^^3 at 73 KV. 

„ „ , MAM 

Box B 361 -^3- - at 73 KV. 

^ - MAM ^ 

Box C 542 at 73 K\ . 

Box D 722 at 73 KV. 


The rats used in this series of experiments were fed on July 31 and 
August 3. Five rats were fed in each experiment. 

Experiment i6 (box a), 42 minutes.— Rats i and 2 died August 4. 
A few trichinae were found in the intestines. The parasites showed evi- 
dence of growth. The sex cells were strikingly disorganized. Other 
organs also showed evidence of injury. Rat 3 was killed on August 20; 
diaphragm moderately infested. Rat 4 died on August 29; diaphragm 
moderately infested. Rat 5 died on September 16; diaphragm moder- 
ately infested. 

Experiment 17 (box b), 84 minutes.— Rat i died on August 6; intes- 
tines negative. Rat 2 died on August 17; intestines and diaphragm neg- 
ative. Rat 3 died on August 18; results same as in rat 2. Rat 4 died 
on August 20; results same as in rat 2. Rat 5 was killed on September 
10; diaphragm negative. 

Experiment 18 (box c), 126 minutes. — Rats i and 2 were killed on 
August 20; diaphragms negative. Rats 3 and 4 were killed on Septem- 
ber 10; diaphragms negative. Rat 5 was killed on September 10; dia- 
phragm slightly infested. 


^ Bavey (op. or., jl, 586) states; " The voltage and distance are given directly and the OT^uct o{ the cur- 
rent andtinie is given, thus, ' loomilliaxnpere-tninutes at 35 cm. distance at 50 kilovolts.' This is usually con- 
tracted to read Jtsokv. It will be noticed that distance is expressed in terms ol its square. 

This is because the intensity of X-rays varies inversely as the square of the distance. " 
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Experiment 19 (box d), i68 minutes. — Rat i was killed on August 7 • 
intestine negative. Rat 2 was killed on August 20; intestine negative 
and diaphragm negative. Rat 3 died on September 5 ; diaphragm nega- 
tive, Rats 4 and 5 were killed on September lo; diaphragms negative. 

Results or experiments or series IV.— The X-ray dosages used in 
these experiments were clearly injurious to the trichinse. The smallest 
dosage used (experim^t 16) had some effect, though it did not destroy 
the reproductive functions of all the parasites. In the three other experi- 
ments in which considerably larger dosages were used only i infection 
occurred among the 15 experimental animals on which the infectiousness 
of the meat was tested, and that infection was slight. 

SERIES y 

This series included six experiments. The dosages used in these experi- 
ments were not indicated, except that two samples were given similar 
dosages and that the remaining samples received graded dosages. 
Furthermore, the samples were mixed so that it is not known which sam- 
ples received the larger or the smaller dosages. The samples were treated 
on March 24. Experimental rats were fed in Washington on March 27. 

ExpeiumenT 20. — Rat I died on April 5 ; no trichinae were found in the 
intestines. Rat 2 was killed on April 9; intestines contained live tri- 
chinae; female trichinae contained many embryos; diaphragm negative. 
Rat 3 was killed April 1 6 ; intestines positive ; diaphragm positive. Rat 4 
was killed on April 24; diaphragm heavily infested. 

Experiment 2 1 . — Rat i was killed on April 9 ; intestines contained live 
trichinae, normal in appearance; female trichinae contained eggs and em- 
bryos. Rat 2 wais killed on April 16; intestines contained many live 
trichinae. Rat 3 died on April 24; diaphragm heavily infested. 

Experiment 22. — Rat i was killed on April 8; intestines negative; 
diaphragm negative. Rat 2 was killed on April 16; diaphragm negative. 
Rat 3 died on April 17; diaphra^ negative. Rat 4 died on April 24; 
diaphragm heavily infested. 

Experiment 23. — Rat 1 was killed on April 9; live trichinae were 
found in the intestines; sex cells were atrophied; no larvae were found 
in the diaphragm. Rat 2 was killed on April 16; no trichinae were found 
in the intestines; diaphragm negative. Rat 3 was killed on April 23; 
diaphragm negative. Rat 4 was killed on April 23; one encysted larva 
was found in the diaphragm. 

Experiment 24.— Rat i was killed on April 2; intestines contained 
numerous live and apparently normal trichinae. Rat 2 was killed on 
April 8; live trichinae were found in the intestines; diaphragm negative. 
Rat 3 was IdlJed on April 16; intestines contained trichinae, apparently 
dead; diai^ragm negative. Rat 4 was killed on April 24; diaphragm 
heavily infested. Rat 5 was killed on April 24; diaphragm negative. 
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^ ExpemmenT 25.— Rat 1 was killed on April 9; intestines contained 
live tnchinae; sex cells of trichinse atrophied; diaphragm negative Rat 
2 was killed on April i6; diaphragm negative. Rat 3 died on April 19; 
diaphragm negative. Rats 4 and 5 were killed on April 24; diaphragm 
negative. 

Results of experiments of series V.-The results of these exper- 
iments are in harmony with the results of the experiments recorded in 
the preceding pages. Trichinae that showed sex-cell injuries (experiments 
23 and 25) failed to produce a new generation. That a few larvae in 
experiment 23 escaped injury is evident from the results of the feeding 
experiment with rat 4. It is interesting to note, however, that despite the 
fact that the parasites showed evidence of injury they were still alive on 
the fourteenth day after artificial infection. This indicates that X-rays 
exert a selective action on the sex cells of trichins and that injuries to the 
sex cells do not necessarily affect the other vital functions of the parasites. 

DISCUSSION 

The results of the experiments described in the foregoing pages show 
that trichinae may be seriously injured by X-ray radiation. It is inter- 
esting to note that in experiments i to 6 inclusive (series I), larvse isolated 
from* the treated meat by artificial digestion appeared to be unaffected. 
These larvse were normal as to color and general appearance, as viewed 
through the microscope and as indicated by their reactions to heat 
stimulation. The examination was made three days after treatment. 
The larvae from the meat treated in experiments i and 2 (series I) were 
incapable, however, of attaining full sexual maturity in the intestines of 
rats or mice. Those in experiment i and some of those in experiment 
2 underwent granular degeneration, while others in the latter experiment 
succeeded in attaining maturity without being capable of functioning 
sexually. The fact that no spermatozoa were found in the receptaculum 
seminis of the female indicates that successful copulation had not taken 
place. 

It is also of interest to observ^e that a considerable degree of variation 
in resistance to X-rays is exhibited by trichinae, since certain dosages 
proved to be destructive in some cases and not in others. This is pos- 
sibly due, however, to other factors. It may be noted in this connec- 
tion that trichinae exhibit considerable variation in their resistance to 
cold ' and in their resistance to heat.^ 

Assuming that a reliable and practically possible method of destroying 
the vitality of the sex cells in trichinae by means of X-ray treatment of 
infested meat can be perfected, which is quite uncertain, it is still ques- 
tionable whether such a method would be acceptable as a prophylactic 

* Ransom, B. H. b^BCTS of refrigeration upon the lakv.e of TRicrnNEttA shraus. /« Jour, 
Agr. Resttu-ch. V. 5, no. 18, p. 819-854. 1916. Literature cited , p. 853"854. 

* and Schwartz, Beniamin, effects of heat on trichin.e. In Jour, Agr. Research, v. 17. 

tio* S> P. aoi-aji, 19x9. literature cited, p. aao-aat. 
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measure, inasmuch as trichina are not moffen^ve as intestinal parasites 
apart from the damage done by their migrating larv*. Rate, for example, 
commonly die from intestinal trichinosis prior to the migration of the 
larvse and human beings also often suffer senously from the effects of 
the intestinal stage of the parasites during the first few after infec- 
tion before the migrating larvae have been p^u^. Cons^uently. 
unless the X-ray treatment has the effect of diminishing the injurious 
action of the intestinal stage of trichinae upon the host as well as of 
destroying their powers of reproduction, it can scarcely be considered a 
satisfactory prophylactic measure. It is of interest to note in this 
connection that Tyzzer and Honeij ' found that encysted trichinae that 
had been subjected to radium radiation failed to develop in mice. These 
investigators also determined that whereas radium radiation failed to 
destroy sexually mature trichinae in live rate, trichinae in rats which 
were radiated beginning with the second day after inption of trichinous 
meat showed retardation in development. Radiation of the larvae in 
rats before they have begun to develop proved fatal to them. 

SUMMARY 

(1) Encysted trichinae are injured by relatively heavy dosages of 
X rays So far as has been determined the injuries are not visible in 
the encysted or artificially decapsuled larvm as structural or functional 
disturbances but become apparent only when the larvae reach a suitable 
host animal in whose intestine they are normally capable of continuing 

their development. , ^ j t 

(2) Trichte from meat that has been exposed to strong dosages of 
X-rays undergo rapid ^ular degeneration in the intestines of suitable 

hosts before they attain maturity. • 

f Encysted larva that have been exposed to lower but still mjunous 
do^ of x-rays are able to continue development in the intestines d 
hosts. Such larva, however, do not a^ structural and 
functional sex maturity. The sex cells appear to be atrophied and no 
evidence rf successful copulation can be found^ X-rays, > 

antuBT to exert a more or less selective acUon on the gonads of tnchua. 

itpear to exhibit considerable variation m thar su^ 
hffiJv certain dosages bjured some parasites and failed 

to iliure others. Whether the apparent variation m susceptibilityf 
t^SSiysbl express!^ of an actual physio^cal vanation 

ptactical means of destro ying triclring m potk. 

JdUf. p*f. . V- J. tto- 9. p- 



relation of The calcium content of some kan 

SAS SOILS TO THE SOIL REACTION AS DETEimmKn 
BY THE electrometric TITRATION 

By C. 0. Swanson Chmist. W. L. Utshaw, Analytical Chemist and P I 

M Pr.u.n Chemut, Departme.l of Chemistry, Kansas A,rieultnral Enpertni 


The importance of the soil reaction has led to the development of 
numerous methods for testing the neutrality, acidity, or alkalinity of the 
soil, and, if the soil is acid, for determining quantitatively the amount of 
agricultural lime necessary to add to the soil in order that it may have the 
reaction required for maximum crop production. No attempt will be 
made to review the literature on this subject, and only a few citations will 
be given. 

Of the different tests designed simply to determine qualitatively the 
reaction of the soil, the litmus paper test is one of the oldest, best known, 
and probably most extensively used. This test has been subjected to 
much criticism, but this is probably due more to bad paper and faulty 
use than to intrinsic defects in the method. The official or Hopkins 
method (15^ 20)^ has been used for most of the acidity work done thus 

far on Kansas soils. It was found, however, that in some cases the indi- 
cated lime requirement appeared too low when studied in connection with 
the known cropping conditions of the soil. The well-known Veitch 
method (14) is probably the best quantitative measure of the lime require- 
ments of the soil at the present time. There are several other methods 
proposed to determme the lime requirements of the soil, and each has its 
advocates. The strong advocate of any method is usually very free with 
his objections to some other method. All methods are limited in their 
application, and faults are often found with methods because the users 
extend the application further than the originators intended. 

One difficulty in determining the soil reaction is to obtain the soil solu- 
tion in the same concentration as it exists around the soil grains. Various 
methods have been proposed for securing this solution, but none have 
received general acceptance. Another factor is the facility with which 
the optimum reaction for best crop production is maintained in the soil. 
The concentration of the soil solution is in a state of continuous change. 
The film of water surrounding the soil grains in a soil of optimum water 

content tends to become saturated with the salts present in the soil. The 

■ — — 

• Rderaice Umade by nuiaber (italic) to “ Literature cited, " p. 867-S68. *» 
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addition of rain or irrigation water temporarily reduces the concentration. 

If some of the water is carried off in the drainage, it tato away a certain 
amount of the dissolved salts. At the present time calaum is removed 
from the soU more rapidly than any other base (5, p- 25)- Lyon and 
Bizzell (S) found in lysimeter experiments that the eqmvalent of 485 
pounds of calcium carbonate per annum leached from some soils. The 
wntinuous removal of calcium from the soU produces an unbalanced con- 
dition known as lime deficiency or acid soil. V^en calaum carbonate 
is added to the soil the balance is restored and the reaction is neutral or 

slififhtlv alkaline. . 

W studies presented in this paper are not designed to setUe any differ- 

ences of opinion relative to the meaning of soil acidity nor to decide 
which is the best method of determining the lime requirement of the sod. 
They are presented as a contribution to the partial solution of a very com- 
plex as well as important problem. The electrometnc titration has been 
used by a number of investigators (S, 9, 10). Becauw of its intrmsic 
value it was used in this study of the relation between the calaum con- 
tent of some typical Kansas soil and the reaction. 

meaning of soil acidity 

The following is usually taken as the meaning of ad^ty in soff; Total 
acidity means the total quantity of hydrogen ions whi<± may pro- 
ceed when the equilibrium is continually shifted by the mtroduction 
of hydroxyl ions. The quantity of hydrogen ions p^nt at any one 
Iment is regarded as the intensity of acidity. This defimtion would be 
todusive and very convenient if it were not for the adsorptive power of 
Soids in soil. It wffl be shown that this intensity of acidity may be very 
“an as related to the total acidity. Understood in to way. quantita- 
Uvelv total acidity has the same meanmg as potential acidity. c 
tial Iddity may be due to undissolved substances, or to ^luble com- 

kms are equal and each has a concentration of 10 per lit . 

SOILS USED IN THIS STUDY 

counties were worked m cooperation ^ ^ analyzed by the 

periment Station. types have b^ ^ 

Depsfftment . of Chemistry, ^ , . nitrMen, phosphorus. 

Determinations have b^ t^^is of these data 

J^um.caxbon,carbondioxid,andcalaum. Onthebasis 
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those soils which were thought most suitable 
description of these soils the type names given by the Bureau of Soils 
are used The soil numbers are those found in our soil series The 
samples had been taken usually in three strata-namely, surface o to 
7 mches, subsurface 7 to 20 inches, and subsoil 20 to 40 inches For 
this work, surface soils mostly were selected, with a few accompanying 

subsoUs. The soil number has a whole figure and a decimal A surface 

soil is designated as 1083.1, subsurface as 1083.2, and a subsoil as 1083.3 
Some of the samples were taken in only two strata. 

The figures given for total calcium and carbon dioxid are taken from 
the publications to which reference has been made. In addition the 
authors have determined the calcium soluble in Nji hydrochloric acid 
and in iV/5 hydrochloric acid and the reaction as determined by the 
hydrogen electrode with accompanying titrations. 


DETERMINATION OF ACID-SOEUBLE CALCIUM 

Five gm. of soil were placed in loo cc. N/i hydrochloric acid and 
shaken for one hour on a shaking machine, then placed in a thermostat 
at 40“ C. and digested for 23 hours mth occasional shakings. The 
acid-soluble calcium was determined by the volumetric permanganate 
method. The treatment with iV/5 hydrochloric add was similar ex- 
cept that 10 gm. of soil and 200 cc. of the acid were used. The residts 
on the calcium determinations are given in Table I. 


Table I . — Calcium and carbon dioxid in representative Kansas Soils 


GKOUP I, sons WHOS 9 IXITIAI. RSACTIOM WAS MORE ALRAUNE TH.\X IS INDICATED BY Ph 8.3 


Soil 

No. 

County, 

1043 

Russell 

1,2 7 

Greenwood.. 

1357 

Monteomery 

1199 

Jewell 

I 306 

. , . . . do 

ij86 

Reno 

1115 

Finney 

1119 1 
1169 

.... do. . 

Reno 


Soil type. 

Total 

P 1 hie m 

' X:i HCl 

I 

Ca. solu- 
ble in 
.V/5 HCl. 


Per cent : Per cetti. 
4- 89 1 4. DI 

Per cent. 

Crawford clay 1 

3- 18 

Osweto silt loams 

I 1.41 ' I- 14 ; 

I- 1 1 ' .60 

Laurel very fine sandy loam 

^53 

Lincoln silty clay loam 

Kirkland clay loam 

l-Ql \ . 50 

.56 .48 

• 74 I • Si 

. 60 j -TO 

. 69 
•47 
. 28 

j .09 

! .os 

Richfield silt loam 

Pratt loamy fine sand 

do ' 

. 40 1 -08 



CO,. 


Per cent. 
4-37 

.84 


Trace. 

Do. 

.009 


GROUP n. sons WHOSE IXITUL R E .‘ACTION WAS BETWEEN Pa 8 3 AND Pa 7 


1219 

Greenwood . . 

Osage loam 

Q. 8S 0. 80 

0.80 

0. It 

1047 

Brown 

Silt loam- (bottom) 

, 80 ! .66 

•57 

.04 

1039 

Russell 

Summit silty clay loam 

,83 ’ .62 

•54 

. 16 

ri3J 

Shawnee. , . . 

Osage silty day loam 

.S7! .39 

■ 54 

Trace 

1268 

Montgomery 

Osage day (alfalta land) 

• 79 1 • Si 

•49 

None. 

1267 


Osage silty day loam 

.76 -49 

•38 

Do. 






Trace. 

1131 

Shawnee, , . . 

Osage very fine sandy loam 

■ 79 ■■ ’ 

.36 i 

Do. 

2070 

Reno 

Pnatt Inam 

.42 ' -20 

.14 : 

Do, 

»S7 


Xricusas clay loam 

. 70 ; .31 

•^9 : 

.003 

2120 

Knnev 

Sandy Inam. 

. 44 ' i l 3 

. 16 

Trace. 

2073 

Harper 

Brown I/mtti 

1 .31 ; -IS 

•13 

None. 

2262 < 

Reno 

1 Pratt fine sandy loam 

; , 49 1 .13 

. tj 

1 00$ 

1160 


Arkansas fine sand | 



' .003 


29666 ®— 21 - 
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TABtii I. — Calcium and carbon dioxid in representative Kansas soils — Continued 


GROVP m, SOIW WHOSS DOim RBACnON WAS MORS ACID THAN JS INmCAtao BY Pb 7 


SoU 

No. 

Cotmty. 

Soil type. 

Total 

Ca. 

Ca. solu- 
ble in 
Nhsa, 

Ca. solu- 
ble in 
NisRCl 

COj, 








1*4* 

1136 

1^85 

1287 

1058 

1284 

X190 

1293 

119} 

1x3s 

W 7 I 

XI43 

1258 

128a 



Per cent. 

Per cent. 

Per cent. 

Pet cent. 





0,41 


Moateomery 


■ 61 


-31 

.013 



rJS 

« 26 

•32 

None. 

noniphAii.. . 
MoBtgomery 


-as 

Do, 



>31 

Trace. 


.66 

•38 


.94 

None. 

Montgtanery 



•21 



.33 

.29 

None. 



• 21 
.18 

• 01 

Moutgomery 
ShBTvncc 


.01 

Boone fine sandy loam 

•37 


.19 
• rS 1 

None. 

GreenK'ood. . 

' . . . dft. . ^ . . . , 

*18 

Trace. 

Mooteomfry 

Craviord loam 

• 3 S> 

.33 

•15 1 

Do. 

xa 33 

WSJ 

126s 

W 73 

1275 

1233 

1277 

1966 

Cherolceft.. . . 

Oswego silty clay loam, 


None. 

Trace. 

Crtcnwood.. 

Summit silty clay loam 

53 

■X 7 

•x? 

• 16 
.16 
•15 

.14 

:Mc 4 it£omery 
do 

Chert^ee silt loam 

• 46 

. 12 

Do. 

Bates very foe sandy loam 


•13 

None. 

do 

Oswego silt Irifltn 

11 

•14 

Do. 

; Chetokee, . . . 

Bates silt loftwi 


i 

Do. 

Moateomcry 

. , . . .do 

Bates shale loam 


.14 

' . 10 

1 Trace. 

Bates very foe loam 

" ,4 

•X 4 

1 -09 

None. 

1239 

1343 

1280 

Cherokee. . . . 

Summit silt loam 


. II 

' -09 

! Do. 

do 

^etokee »lt Iqmw 

'30 

.09 

' -oS 

Trace. 

Mantfomery 
Cbeioktc, . . . 

Bates loam 


.09 

: -07 

Do, 

1230 

1279 

ztiB 

1144 

Neosho sdt losm 



.07 

None. 

Montcom^ 
Reno 

^^tes very fine sand 

*30 

.06 

.05 

.05 

.07 

Do. 

Dune sand 

■36 

.04 

Do, 

(%eidkee... . 

Bates foe sandy loam. 

.04 

.oc; 

Trace. 



.04 


DETERMINATION OF THE INITIAL REACTION AND THE ELECTRO 
METRIC TITRATION OF SOILS STUDIED 

The apparatus used in these determinations was the same as that de- 
scribed in previous papers (i^, 13). Ten gm. of soil were weighed into 
a 250-cc. bottle which was used as the electrode vessel, and 100 cc. of 
carbon-dioxid free water were added. The bottle was closed with a large 
rubber stopper through which were inserted the hydrogen electrode and 
the capillary tube connecting with the calomel cell. The hydrogen after 
bubbling through the soil suspension passed through a water trap, and 
the tip of the burette used in the titration was inserted through a hole in 
this stopper. In this way contamination from the carbon dioxid m the 
air was prevented. These precautions are necessary, since these deter* 
minations require a number of hours. 

The distilled water used in this work was freed from carbon dioxid by 
aeration. While water so treated is not as neutral as conductivity water, 
the purity was sufficient for these determinations. The reaction of va- 
rious samples of this water ranged from Ph 6 to One-tenth cc. of 

Njio alkali would change the concentration from about Ph 6 to Pq 8- 
The error due to the water is therefore small. After the apparatus was 
adjusted, the hydrogen gas was bubbled through until equilibrium was 
obtained. The time required for this depended somewhat on the char- 
acter of the son. During the entire time the electrode vessel was shaken 
about 60 times per minute by a shaking device. As soon as the readings 
on the roillivoltmeter retnain^ oonstant within a few millivolts for 15 
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minutes, the soil suspension was considered to be at equilibrii^iirTliis 
point was noted and taken as the initial reaction of the soil. A solution 
of saturated ^cium hydroxid is very near For the sake of facility 

in making ^culaUons this was made fV/^y, Since the final end product 
of calcium hydroxid or calcium oxid added to the soil is calcium carbonate 
this eqmvalent is used m making the calculations. One cc of iV/,, cal’ 
cium hydroxid is equivalent to 0.002 gm. of calcium carbonate"' One 
acre of soil 7 mches deep is assumed to weigh 2,000,000 pounds. Since 10 
gm. of soil were used in a determination, the ratio of the calcium car- 
bonate equivalent of 1 cc. of the calcium hydroxid is r : 5,000. Accordingly, 
each cubic centimeter of calcium hydroxid used to titrate is equivalent 
to 400 pounds of calcium carbonate per acre. 

When the voltmeter reading at the initial equilibrium point had been 
obtained, the calcium hydroxid was added from the burette in small por- 
tions at a time until the equilibrium was again obtained at voltmeter 
reading equivalent to Ph 7. The total number of cubic centimeters used 
in the titration were recorded, and again small portions of calcium hy- 
droxid were added till equilibrium was established at voltmeter reading 
equivalent to 8.3. This is approximately the titration end point for 
phenolphthalein. Again the calcium hydroxid was added until equili- 
brium was established at reading equivalent to P^ 10. The latter point 
was somewhat arbitrarily chosen. 

A few grams of special “ K calcium carbonate were suspended in water, 
and after long shaking the reaction was found to be Pg 9.23. This is a 
little lower alkalinity than the value Pg 9.5 obtained by Sharp and Hoag- 
land (10). The reading P^ 10 denotes a higher alkalinity than that 
found in a normal soil. 

The electrometric measurements then gave these data: The initial re- 
action of the soil suspension stated as P^; the total number of cubic cen- 
temeters of calcium hydroxid required to change the reaction 

to Ph 7 > 8-3 r Th 10, respectively. The results of these measure- 

ments are recorded in Table IL 

Table II. — Initial reaciioti of the soil and the number of cubic centimeters of NI 2 S calcium 
hydroxid used to change the reaction to the figures given “ 


GRO0P I. sons WHORB INITIAI. REACTION- WAS MORE AI.K.VLLNE THAN IS INDICATED BY Ph 8.3 


Soil 

No. 

County. 

Soil type. 

Initial 

Pb. 

Cubic ccntimctcri of Ca(OH)j 
required to titrate to— 

Ph 7. 

Ph8.3. 

Ph 10. 

1169 

Reno. 


8. 61 

i 

0. 7 

1227 ’ 

Greenwo^.. 

CrawinrH clay 

8.56 


S -4 

1043 

Russell 

Benton loam 

8. 52 

! 

3' 7 

12 Ji 

Greenwood. 

Osweyn idlt Vmit, 

8. SI 

i 

9-3 

^297 

Montconaerv 


8. 46 

1 

2-S 

”99 1 

Jewell 

Ljitirel v^ry Iraim 

8. 44 

: ! 

»-3 

1119 

Finney. . . 

Dune land 

8. 44 

i 

' 4-4 

t206 

JeweU. . 

Xincnln cilty cloy loam 

S- 40 



40 

”86 

Reno 

ITirlrland clfiy 

^•37 




: 







“ Fjeures amnetd accordint; to incfeasioE hydrogen-ion concentrations. 
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TAB1.1S II . — Initial reaction of the soil and the number of cubic centimeters of N/ 2 j calciu 
hydroxid used to change the reaction to ike figures given — Continued ^ 

GSOtn* U, SOIlrS TS'HOSe WJACnON WAS BSTWSSN P« 8,3 AND Pfl 7 


Soil 

No. 

County. 

Soil type. 

Initial : 
Ph. 

Cubic ccutimeter 7 ^Ca/r^ 

required to titrate to- ”’* 

Pii 7 . 

Ph8.3. ' 

Pe la. 







— — 




7.81 ' 


3.0 

13.2 






10.1 






J 3-0 

6.8 

1132 

Shawnee 

Osage silty clay loam 

7' 45 


•5 

1.0 

1168 

Montgomery 

Osage cUy (aliaUa land) ; ' 

7. 40 


*■7 

^7 

1267 

do 

Osage silt clay loam 

7.36 ' 


*■9 

8.4 

1072 

Harper 

Brown loam. 

7.38 1 



19. 1 

iite 

Roio ' 

Arkansas fine sand 

7, I 


3 'S 

^3 

1157 

do 

Arkansas clay loam 

7.26 i 

1 

1.4 

3-5 


do 

Pratt loam 

i 7. 32 1 

1 

3-8 

5 3 

20.4 

IIU 

Shawnee. , . . 

Osage very fine sapdy loam 

1 7, ta 1 


l 3 -o 


Finney 

Finney clay 

1 7 * 17 


2.0 

4.6 

1162 

Reno ' 

Pratt fine sandy loam ' 

! 7-03 


J'?! 

5-1 





« 9 1 

If). 2 


GROUP m, SOILS WHOSE DTITIAL REACTION WAS MORE AaD THAN IS INDICATED BY P„ « 


I2S7 

Montgomery 

1143 

Shawnee .... 

I19I 

Jewell 

1190 

.do 

I 2?5 

Montgomery 

1243 

Cfien^ee. . . . 



tos8 

Doniphan. . . 

1148 

Reno 

1366 

Montgomery 



S 2&4 

do 

XI4I 

Shawnee 


do 

rx32 

Cherokee. . . . 

1136 

Shawnee 

rays 

' Greenwood.. 

iaip 

i Montgomery 

12*8 

do — .. 

1277 

. — do 

xaSo 

do 

1273 

do 

I2ST 

Greenwood.. 

1293 

Montgomery 


do 

1235 

Cherokee 

1244 

do 

1210 

... -do 


Summit silty clay loam 

Boooe fine sandy toatn ... 

Colby silt loam 

Jewell silt loom 

Crawford loam 

Cherokee silt loam 

Neosho silt loam 

Brown silt loam 

Dune sand 

Bates very 6ne sandy loam . 

Bates loam 

Crawford loam 

Summit silty day loom — 
Cnwford silty day loam . . , 

Bates silt k«iB 

Oswego silt loam. 

Boone fine sandy loom 

Bates very fine sand 

Cherokee «lt loam 

Bates shale loam 

Bates loam 

Bates very fine sandy loam. 
S ummi t nlty day loiun. . . . 

Bates stony loam 

Oswego dit loam 

Oswego sUty da y loom 

Bates fine sandy loam . . . 

Summit silt lo^ 


6.77 

2-5 


6. 76 

.8 


6. 72 

1.2 

3 - 7 

6. 71 

,8 


6.6; 

1.6 


6-55 

2-3 

A 2 

6.53 

»-3 

4.6 

S' I 

6-53 


A 46 

.6 


A. 16 

2.6 


A 29 

2.4 

ft'S 

A 15 

•3 

i-S 

Ais 

tl 


Aot 

20.0 

5- 92 

4-3 

9-4 

5.84 

?♦.> 

17.9 

5- 72 

AX 

2 S '3 

S‘ 70 

2.6 

6.0 

Sr s6 

A7 

10.3 

S* 5* 

AB 

13.0 

5^54 

3 - 1 

6.0 

5- 53 

At 

II. 0 

3-49 

9.3 

22.0 

3*49 

3-1 

4 ‘S 

S-3S 

&a 

10. 5 

4-99 

3.2 

14-3 

4*99 

7-2 

12.4 

*.Ai 

1 9-8 

19-3 


n.4 

19.7 

13- 0 
7‘5 

I4. 1 


rr.s 
30. j 
4-7 
3 J '4 
SSi 

16. 1 

30.6 
*9.6 

12.7 

29>3 

D -5 

34.1 
35-3 

9.1 

18.8 
25.3 
34. c 
31.0 


CLASSIFICATION ON THE BASIS OF REACTION 
When the data obtained, both in the calcium determinations and the 
electrometric measurements, were brought together it was found con- 
venient to classify the soils into three groups. In group I were placed 
those soils whose initial reaction was more alkaline than is indicated by 
Ph S.3. In group II were placed those soils whose initial reaction were 
less alkaline than is indicated by P® 8.3 but more alkaline than is indi- 
cated by Pg 7. Ifl group III were placed those soils whose initial reac- 
tion was more acid than is indicat^ by Pg 7, In arranging the soils 
within these groups the figures in Table 1 are given according to decreas- 
ing amounts of c^cium soluble in Nfi hydrochloric acid. In Table II 
the smls are arranged according to decreasing alkalinity, or increasing 
addity, as expressed by the P* values. 




Mar. 1, 


86l 


Relation of Calcium Content to Soil Reaction 


CALCIUM CONTENT OF SOILS STUDIED 

tlie soils of highest calcium content are found in group I. The four 
soils in group I which have as low calcium content as several of the soils 
in group n , or lower, are from the drier portion of the State. The soils in 
group in have an average lower calcium content than the soils in groups 
I and II. In general, the soils of a high calcium content have a more 
alkaline reaction than soils of low calcium content; yet because of the 
exceptions, the calcium content alone can not ser\^e as the basis of classi- 
fication as acid or alkaline. Most of the soils in group I are from the sec- 
tion of the State where acid soils are not usually found, whereas most of 
the soils from group III are from the section of the State where acid soils 
are more common. Sandstone-derived soils from the drier portions of the 
State may have a comparatively small amount of calcium and yet have 
an alkaline reaction. 

In soils of high calcium content a larger percentage of the amount pres- 
ent is soluble in acid than in soils of low calcium content. As the per- 
centage of total calcium decreases, it is relatively less soluble. This is 
true in comparing the groups and in comparing soils within groups. In 
group I the proportion of acid-soluble calcium is greater than in group II, 
and in group II it is greater than in group III. 

The differences in the amounts of calcium in forms soluble in Nji hy- 
drochloric acid and in Njs hydrochloric acid are small. For practical 
purposes they are of equal value. 

The pronounced differences between the amounts of calcium soluble in 
hydrochloric acid and the total, especially in soils of low calcium content, 
raises the question of the relative importance of determining the total 
calcium in a soil or determining the amount soluble in cold dilute hydro- 
chloric acid. These figures would indicate that the results obtained by 
the acid digestion are more valuable. In soils of low calcium content, it 
is present mostly in insoluble forms. While weathering gradually con- 
verts this calcium into forms that are soluble, the amount of available 
calcium obtained is insufficient for the needs of the soil. Such soils are 
deficient in "agriculturallime.’^ 

The figures for percentage of carbon dioxid show that all the soils m 
group I have some carbonates, that only 6 of the 14 soils in group II have 
carbonates in larger amounts than traces, and that only 3 of the soils in 
group III have carbonates in larger amounts than traces and m these the 
amounts are very small. 

RESULTS OF ELECTROMETRIC MEASUREMENTS 

The results on the electrometric measurements found in Table II are 
. arranged accorfing to decreasing alkalinity values or, which me^s the 
same thing, increasing acidity values. The figures expressing cu ic cen 
timeters of calcium hydroxid under the different Pa values in eac case 
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mean the total calcium hydroxid used to bring the reaction to that point 
In interpreting the results of these electrometric measurements the fol- 
lowing factors must be considered: (i) Kind of soil with reference to the 
amount of sand, clay, and organic matter; (2) influence of climatic’ condi 
tions; (3) amount of calcium present, particularly in the carbonate form 
The amount of sand, silt, clay, or organic matter present in a soil may 
have a greater influence on the initial reaction than the amount of cal- 
cium present, Pratt loamy fine sand from Reno County has the lowest 
calcium content of the soils placed in group I, Table I, but it has the 
highest alkalinity as shown in Table IL Benton loam No. 1043 and 
Crawford day No. 1227 are both high in calcium and both have a high 
initial alkaline reaction. The clay soils and the silty clay soils as a rule 
require more calcium hydroxid to change to a certain hydrogen-ion con- 
centration than the sandy soils. 

Soils placed in group III, Table II, are distinctly acid in reaction. As 
the initial acidity increases, the amounts of calcium hydroxid needed to 
change the reaction to neutral (indicated by Pb 7 ) also increases, but not 
uniformly. This is due to factors mentioned in the preceding paragraph 
The influence of day is shown by the figures in Table III. 

Subsoils as a rule contain a larger amount of calcium than the surface 
soils, particularly calcium in the carbonate form. These same subsoils 
usually contain a larger amount of day but a smaller amount of organic 
matter. The caldum was determined in a number of the subsoils cor- 
responding to the surface soils mentioned in Tables I and 11 . The elec- 
trometric measurements were also made. The results are found in 
Table III. The figures for the surface soils are repeated from Tables I 
and II for the sake of comparison. The results in Table III arc arranged 
within the groups with reference to the decreasing amounts of calcium in 
the surface soils. The results show that, with few exceptions, the sub- 
soils have a higher caldum content than the surface soil and that in the 
majority of cases the subsoil requires a larger amount of calcium hydroxid 
to change it to the same reaction as the surface soil. 

The soils in which the caldum content is less in the subsoil than in 
the surface soil are: 1397, Oswego silt loam; 1271, Bates loam; 1273, 
Bates very fine sandy loam; and 1277, Bates shale loam. In the first 
one of these soib the titration figure is larger for the subsoil than for the 
surface soil. This would be expected from the larger clay content and 
the smaller amount of caldum. The last two have sandy subsoils; and 
while no mArbatiiral analyses were made, observations recorded at the 
time of taking the samples show that the subsoils have less clay than 
the surface soils. Both these soils were add, and the subsoil is more 
add that! the surface soil. Yet the lesser amount of clay in the subsoil 
was of more influence in determining the amount of calcium hydroxid 
needed to bring to neutral reaction than the initial addity. 
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GROUP I, SOILS WHOSe imriAL RSACTtO.V WAS 


Soil 

No. 


1043* I 
1043 '3 

1327. 1 

1227.3 
1397- 1 
1397-3 

1199.1 
1199-3 

1306 - I 

1206- 3 

1169. 1 

1169. 3 


County. 

Soil type. 

[Russell : 

Benton loam.. ii 

[Greenwood. . 

[Montgom- 
{ ery 

Mewell 

1 — do 

[Finney 

1 

Crawford clav . / 

\ 

Oswego silt loam . . / 

Laurel very fine sandy loam. . , ( 
Lincoln silty clay loam | 

Pratt loamy fine sand | 


more AtkxLL\e THA.V IS INDICAtgO I 


^ onnds , 
200, 500 

643 r 005 

165,000 
206 , 000 
57; 000 

42.000 
30 , coo 

40.000 

25.000 

45 i 5W 
4,000 
5.000 


Initial 

Pa. 


8.56 
8. 56 
8. 75 
8,46 
9,03 
8.44 

9-03 I 

8.40 I 
8.40 I 
8 . 61 ! 
S .61 1 


Ci^ic ceutimeters of Nh-i 
Ca(OH)i required to 
titrate to-- 


Pa 8 . 3 . 


GROUP II. SOILS WHOSE IXrTlAL RE.UTIOM WAS BErWEEX Pn 8,3 ANn P« 


3-7 

5-0 

5-4 


4-8 

7.6 


1085.1 
1085.3 
1047 - 1 
I 047‘3 

llUley 

Laurel silt loom . 

71, $00 

8.16 

— 

— 

- 


[Brown 

Silt loam, bottom 

73,000 

33,000 

53,500 

8. 16 
7-49 
8. 68 


•7 


7-9 
1. 0 


> Russell 

Summit silty dav loam 

31,000 

8.03 
8. 28 


1-5 



1039- 3 



, 78. .500 



ij. - 

mi * 1 

[ Finney 

Finney clav 

15,000 

7 - 17 





1121-3 




23,000 

8.44 





1070. 1 

[Reno 

Pratt loam ! 

10.000 


1. 1 

tt a 



1070. 3 

f 

i 

14.000 

6.67 




1157 - 1 

[ — do. 

Arkansas clav loam. . 

10.500 

7. 26 


3.8 



1 157 - 3 

t 


76, 500 

8-39 





1120- Z 

ilFioney**... , 

Sandy loam ... i 

f 9.000 i 

7. 50 


j 2. 0 ! 


9-0 

1120.3 

,1 

1 1 03 1 500 i 

8. 92 





1072. I 

[Harper 

Brownloam ij 

) 9,000 

7.28 . 


i * - , 


1072- 3 



[ 26, 500 1 

8. 44 ; 


1 ^-5 


1162. 1 
1162.3 

[Reno ^ 

Pratt fine sandy loam J 

f 6,000 : 

7-05 


; 6. 9 




[ 3 . 5cx> ' 

6-95 


6-2 i 




CROUP m, SOILS WHOSE INITIAL REACTION Wa 

S MORE ACID Is 

INDICATED BY Pa 7 


1115. I 1 

[Finney 


16,000 

6-57 

0.8 

10.4 



f 

I 77 >OT 0 

S- M 






Summit silty clay loam 

Brown silt loam 

Jewell silt loam 

Colby silt loam 

Crawford silty clay loam, . . , , 

Oswej^o silty day loam 

Summit silly clay loam 

ChcroV:<*e silt loam 

OswcBO silt loam 

Bates loam 

Bates very fine sandy loam . . . 

Bates silt loam 

Bates shale loam 

Cherokee silt loam 

Neosho silt loam 

Bates fine sandy loam 


13.000 

14.000 

12.000 

67.000 

11. 500 

38.500 
II. 5C0 

38.000 
8,500 

11. 500 

8.500 

23.000 

8.000 

12. 500 

7 <soo 

12.000 

10. 500 

7.000 

8.000 

6.000 

7.000 

8.000 

7.000 

4.000 
4»500 

9.500 
4,000 
7^500 

2. 500 
3)500 


6.77 
6.13 
6- 53 

6.32 
6. 71 

8. 30 
6.72 

8.44 

6.01 

6.80 


5-33 
5-32 
6. 29 
5-46 
5- S3 
5-44 
5-92 
5-31 
5-56 

5- IS 

<5.55 

s-w 

6- 53 

5.66 

4,99 
4. 94 


15-3 

3-6 


10- 5 
14-8 
6-5 

6-5 

JI.O 

9.6 

9-4 

10. I 

IS- 1 
13-4 


4.6 


12.4 

iS-i 
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m Xabk m. 13 «quired less calcium 
hySoSd for the titration of the subsoil than for the surface sod. Eight 
5 tes^ 13 soils have over three times as much calcium m the subsod 
as n the surface soil. From the figures presented m Tables I and II, 
that when a soil has large amounts of calcium esi^cially m 
the carbonate form, the amount of calcium hydroxid used to bnng to a 
maclionTa; less than when the calcium content was smaller. 
?hat is shown by comparisons of the groups A Imge amount of calcium 
has a greater inHtience than a larger amount of clay. 

“L result on soil No. 1.73 can be explained by the lesser clay content 
of the subsoil, as was pointed out in a precedmg paragraph. 

m following four soils have only slightly more calcium m the subsod, 
and yet they require less calcium hydroxid for the subsod than for the 

surface soil i 

1199.3, Laurel very fine sandy loam. 

1162.3, Pratt fine sandy loam. 

1121.3, Finney clay. 

1287 V Summit silty clay loam. , 

The results on the first two may be explamed by the lesser cky con- 
, . TTinnpv clav 1121.3 is an abnormal sod. The 

tent of the su s of a buffalo wallow. The probability 

TtSatTe surface soil had more colloidal clay than the subsoil. 
,s that me exception; no explanation is apparant. 

fmegomg pmsentation shows that most subsoils have a greater 
The toregomg p require 

calcium content bring to the same reaction as the 

a larger ^ the absorptive power of the colloidal 

surface soil. content or to a deficiency of 

£c el^m-ts" The larger ^ th^S" 

Si^tr^can'not ve“” well be said than the subsoil is more de- 

S reaction of a sod is n. n^^T - 
amount of are arranged according to the 

5^J‘hydroxyl-ion g^Tin^^ is 

these figures are studied in comparisim correspond to the initial 

found that the amounts us^ to f^u^ng general way. 

reaction nor to the content rf ^tent than the soils in 

The soils placed m ^oup I have a 1 8 than those m 

group II. and those m group II have a larger^ 

™ III. The quantities of calaum greater for 

lo. was in pnnp 'U tm Indlviaml »«> 

S. in ponP ■■ «■“ iT “ " " 

this comparison docs not hold. 
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The total acidity in the soil was mentioned in a preceding paragraph 
as the total quantity of hydrogen 10ns which may be produced whL 
the equilibrium is contmually shifted by the introduction of hydroxyl ions 
On such a basis it is possible to calculate the amount of lime required 
to satisfy this acidity as measured by the electrometric titration It was 
also shown in a preceding paragraph that i cc. of N/25 calcium hydroxid 
used in titrating 10 gm. of soil is equivalent to 400 pounds of calcium 
carbonate per acre. Table IV has been prepared by using this factor 
and the titration figures from Table II. In the last column of Table 
IV are given the figures of the lime requirement of these soils as deter- 
mined by the Hopkins method. It is at once seen that there is no close 
agreement in the figures obtained by the two methods. This does not 
necessarily argue for the greater practical value of the figures obtained 
by the electrometric method nor against the Hopkins method. Similar 
disagreements can be found if other well-known acidity methods are 
compared. The figures presented in Table III make it appear that 
some of the calcium hydroxid is taken up by colloidal clay. Just how 
much this amounts to is not known, nor the manner. This forms part 
of an investigation now going on at this laboratory. 

Methods do not show any agreement as to the amount of calcium car- 
bonate that should be added to an acid soil. Hopkins (7) states that 10 
tons of limestone per acre on some soils is not too large a quantity. 
The figures in Table IV show that the amounts of lime required to change 
from a more acid reaction than denoted by Pg 7 to neutral, or Pg 7, is 
not in general larger than the figures obtained by the Hopkins method, 
though there is no agreement between individual samples. The amounts 
required to change from the initial reaction to that denoted by P^ 8.3 
are not far from the amounts recommended for use on acid soils, and 
the amounts required to bring the reaction to P^ 10 are in all cases 
less than 10 tons per acre. 


Tabi.b IV. — Electrometric measurements in equivalents of CaCO^ per acre in 0 to 7 inches 
of the surface soil in comparison with amount of CaCO^ required by the Hopkins method^ 


GROUP 1. SOILS ^'HOSS ALKALINITY WAS ARQVB Pk 


Soil 

No. 


County. 


Soil Uix. 


Initial 

Pb. 


Pounds per acre oi CaCOs 
equivalait to titration of— 

Pounds 
per acre 
of CaCCh 

Ph7 

Ph 3 . 

Ph 10. 

required 
by the 
Hopkins 
method. 



280 





AlkalL 



1.480 




r,ooo 

Alkali. 



4,930 

1,780 

1,600 










2,840 ; 






1169 

1327 

1043 

1397 

1199 

1119 

I3 o 6 

11S6 


Reno 

Greenwood. . 

Russell 

MontEomery 

Finney 

Jewell 

Reno 


Pratt loanay fine sand 

Cnwiord clay 

BenUxi loam 

OswcM silt loam. 

Laurd very fine sandy loam 

Linoeda silty dUy loam 

Kiridand clay 


S.61 
8.56 
8 . S3 
8.46 

8.44 

8.44 

8.40 

8.37 


** It U ajiamcd that i cc. ol Oa(OH)» is equivalent to 400 pounds CaCOs per acre. 
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Continued r. So 


Soil 

No. 


X085 

JO:i9 

1219 

1130 

1047 

1132 

1368 

1267 


IIS7 

1070 

nji 

1121 

1163 


Riley 

Russell 

Greenwood.. 

Finney 

Brown 

She.wnec — 
Mcoitgomery 

do. 

Harper. — 

Reno 

do 

do 

Shawnee. . . . 
Finney — 
Reno 


Soil type* 


Laurel loam. . 

Summit silty clay loam 

OsaRC loam 

Sandy loom 

Silty loam bottom 

Osage silty clay loam 

Osage day (alialfa land) 

Osage silty clay loam 

Brown loam 

Arkansas fine sand 

Arkansas clay loam 

Pmttloam v';-*' 

Ofagc yoTv fine sandy loam, . 

Finney clay 

Pratt fine sandy loam 


Initial 

Ph. 


Pounds per acare of CaCOj 
equivalent to Utration of— 


Ph 7 

Ph 3 . 


380 


600 


1,200 


Soo 


II080 


I) 160 


1,300 


1.400 


560 


1,510 


2,130 


$00 


63 o 


2.760 


Pounds 
per acre 
ofCaCOj 
requited 

by the 

Hopkins 

method. 


3.160 

Si 380 
41O4D 
2,730 

400 

3.480 

3.360 

7.640 

3)^20 

1.400 

4.160 
5,200 
1,840 
2,040 
6,440 


I 


SOILS WHOSa .^LKALmiTSf W.\S BKLOW Pu : 


1287 

1143 

II9I 

1190 


1343 

2230 

lOjS 


Montgomery 
Shawnee — 

Jewell 

do 


Cherdcee 

^ 

Doniphan . . 

148 I Reno 

1266 Montgomery 


1371 

1284 

1141 

1135 
1332 

1136 
1324 

1256 

1279 

1265 

1377 

tiSo 

1*73 

1257 

1293 

1375 

tJH 

1244 

1239 


do 

.do 

Shawnee. . 

.do 

Cherokee.. 


Shawnee — 
Greenwood.. 

do 

Montgomery 
do 


Summit silty clay loam 
Boone fine sandy worn. . . 

Colby silt loam — 

Jewell ^tloam 


Cherokee silt loam 

Neosho silt loam 

Brown silt loam 

Dune sand ; ' i.L:!: ' 

Bates very fine sandy loam 


do 

do 

do 

Greenwood 

llontgaenery 


. do. 

Cherokee.... 

do....... 

do 


Bates loam 

Crawford loam — 

giunnut silty day warn. . . 
Crawfoed ^ty clay loam 
Bates sih loam 


Oswego silt loam 

Sommlt stony warn 

Boone fine sandy lo^ . , 
Bates very fine sand . . . . 
Cherokee silt loam 


Bates shale loam 

Bates loam j ‘ i 

Bates very fine sai^y wm** 

Summit sUty clay knm 

Batesstony loam.. 


Oswegon^loi^ 

Os^rego silty clay loam. 

Bates fine sandy loam. . 
Summit silt loam 


.n' 

1,000 

2,130 

4. 560 

6. 76 

320 

3,600 

7,8 So 

6.73 

480 

i,4$o 

5 <300 

6-71 

330 

1,440 

3,160 

6-55 

s» 

3.480 

5,640 

6- S3 

520 

I.^O 

3,560 

6- 53 

530 

3,040 

4,o3o 

6.46 

340 

920 

1,680 

6-36 

1,040 

3,oSo 

4.600 

6-29 

960 

3,600 

8.0S0 

6-25 

200 

730 

1,880 

6. IS 

3,6 Bo 

7,000 

n,s6o 

6.01 

3.360 

8,000 

14,080 

5.92 

1. 720 

3,760 

6,440 

5-a4 

2,920 

7, t6o 

13,340 

S- $1 

3.400 

5.240 

9, 200 

S- 72 

31640 

6,120 

11,840 

5. 70 

1,040 

3,400 

4,680 

3.56 

i,6So 

4* 120 

9,280 

5.56 

2,720 

6.040 

11,720 

5. 34 

1,240 

3, 4OO 

5.400 

3, 33 

2,440 

4,400 

9,620 

5-49 

5-49 

3.680 

1,340 

8.800 

1.800 

14-120 

3,640 

5- 35 
4'W 
4 99 
4.68 

3,280 
3,280 
3,&40 
1 3.9*0 

4,200 

5.720 
4-960 

7.720 

7.520 

lO.OiSo 

9.600 

13-400 


480 

3,740 


SUMMARY 

,r total caldun,. caldum m fo^ s^uWe m WW 
Bd in Nit hydKKdtloric add. The amount of carbon 

jfls was also determined. in too cc. neutral 
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hydrogen electrode. Nh calcium hydroxid was added to chan^ the 
reactron to a higher alkalinity. The points determined were the num 
her of cubic centimeters of fV/ay calcium hydroxid needed to brine the 
reaction (if lower) to Ph 7, Pg 8.3, and Pg 10. 

(3) In soils of a high calcium content, a larger percentage of the cal- 
cium IS in forms soluble in these dilute hydrochloric acid solutions than 
in soils of a low calcium content. 


(4) As a rule, soils of a high calcium content have a higher initial 
hydroxyl-ion concentration than soils of low calcium content. 

(5) The amount of iV/25 calcium hydroxid required to change a soil 
from a lower to a higher hydroxyl-ion concentration depends more upon 
the amount of colloidal clay present than upon the calcium content. 

(6) Subsoils, as a rule, have a higher calcium content than surface 
soils. It required more calcium hydroxid to change these subsoils from 
a lower to a higher hydroxyl-ion concentration than it did for the cor- 
responding surface soils. This was true for most of the soils. The 
exceptions were due either to a very high calcium content in the sub- 
soil as compared with the surface soil, or to a larger amount of sand in 
the subsoil, or to some unusual condition of the soil and subsoil. 

(7) The amount of Ar/25 calcium hydroxid required to change the 
acid soils th a reaction represented by Ph 7, calculated in equivalent 
pounds of calcium corbonate per acre, compares favorably with some 
other current methods of determining the lime requirements of the soil. 

(8) In some soils the amount of calcium hydroxid, calculated in 
equivalents of pounds of calcium carbonate per acre, required to change 
to a concentration represented by Ph 8.3 is as great as the equivalent 
amount of acid-soluble calcium present in the soil, or greater. 
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green feed versus antiseptics as a preventive 
OF intestinal disorders of growing chicks 

■R A G PHILIPS) Chief in Poultry Husbandry, R. H. Carr, Associate in Nutrition, 
and D C Kennard, Assistant in Poultry Husbandry, Purdue University Agrkul- 
tural Expermmi Station 

The problem of raising chicks in confinement has engaged the attention 
of many nutrition investigators for years. The difficulties encountered 
have been attributed to various causes, such as lack of vitamines in the 
feed lack of exercise, and intestinal putrefaction. Whatever the causes 
’ jjg it is recognized that they have proved a serious handicap in 
making use of the chick in nutrition work. The critical time in the life 
of a chick is between the ages of 8 and 12 weeks. During this period 
by far the greater mortality occurs when they are kept in confinement, 
and this is a most serious objection to their use in nutrition investiga- 
tion Drummond ' has made some study of the growth of chicks in 
confinement and concludes that it is impossible to grow them success- 
fully even when the feed is known to be suitable for growth. Osborne 
and MendeP also report difficulty in raising chicks in confmenient and 
have found the use of paper pulp to aid somewhat in lessening mortality. 
Hart and his associates’ report difficulty in growing young chicks m 
confinement but have found no trouble in using birds weighing 3 or 4 
wounds The authors* have reported some success m raising chicks m 
mnfinement, but at that time it was thought the fair growrth obtained 
was due to the green feed given in the ration. Howeven better results 
have since been secured wdthout any green feed in the ratiom The green 
feed was thougth to give the necessary succulence and add the v >tamma 
needed for growth; but later experience does not indicate th's to be 
"r The question now arises in the minds of the writers as to whe her 
TL am lessary in the ration of a young growing chick. In three 
years- work with growing chicks in confinement there was no extra gmn 
in weight or decreased mortality where sprouted oats were fed, over that 
of the control pens; in fact the chicks receiving greens were less vigorous 
1; those in fhe oiher lots. It may be noted in this connec^n P - 
due University that in eight years of feeding 

paring them for the market t here was no advantage gaine d^^sofa^ 

IDaVMMOSO.JftCkCedl. OBSSKVATION’SCPONTHIJ growth 0?YOVNt.cmCKENS^ E 
CONDITIONS. In Biochwn. Jour., v. lo. no. i, of chickens in confinement, In 

* Osborne, Thomas B., and MBNOfit, Lafayette B. , 

Jour. Biol. Chem., v. 33, Qo. 3, P- 433“438, pL 4-^. ^ 9 ^^’ oehavior op chickens fed rations re- 

«Hakt. E. B., J. G.. and McCou^hu E. \ ■ the 

STRICTED TO TB8 CBRBAl. OJIAINS. 7 jl JoUT. BloL Ch«n., V ' ' VERSUS SOT-BEAN TROTEINS AS A 

* Philips, A. G., Carr, B. H., and KSNN.^d, . ^ « search, v. t 3 , no. r, p- 39I-J98, pl. 50. i9M. 
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average daily gain or selling price was concerned, by those steers receiving 
varying amounts of silage over those recedving only dry feed, except that 
the gains were made in the former case at a slightly reduced cost as 
compared with the latter, due largely to the fact that silage is cheaper 
than clover hay. 

OBJECT OF THIS INVESTIGATION 

Since sprouted oats seemed to be inefficient in preventing chick mor- 
tality, an attempt was made durfng the year 1919 to find some means of 
checking intestinal putrefaction, which postmortem examinations have 
shown to be the principal cause of mortality. Accordingly it was de- 
cided to try a series of different compounds which might be expected to 
have an antiseptic effect or might serve to prevent impaction by reason 
of their bulk. 

THE EXPERIMENT 

The stock used was 160 White Leghorn day-old chicks, which were 
divided into 10 lots of 16 chicks each. Every precaution was exercised 
to distribute the chicks so that they would be uniform in all lots. During 
the first four days the chicks in all lots were given water and granulated 
com and had access to sand. Thereafter they were given their respective 
rations. At this time each bird was leg-banded and its weight was re- 
corded. They were weighed individually at the end of each 14 days 
thereafter until the close of the experiment, at the end of 14 weeks. The 
weight of feed consumed by each lot was recorded each time the chicks 
were weighed. 

The basal ration used was one which had proved most satisfactory dur- 
ing the past two years of feeding trials, including two different experi- 
ments — one with White Leghorns and the other with White Pl)Tnouth 
Rock chicks. All lots received the basal ration consisting of 50 parts 
cracked com, 35 parts com meal, 15 parts com bran, 3 parts ash, 8.86 
parts meat scrap, and 10.9 parts soybean meal (all parts by weight), and 
were provided with i inch of sand on the floor, In addition to this, some 
other factor was included in aU lots, except in lot No. i which was the 
control pen. Lot No. 2 was provided with oat straw litter to note what 
effect the increased exercise or consumption of stravr would ha^'e. Lot 
No. 3 was fed like No. 2, except that it received green feed in the form of 
tops of sprouted oats. The care of this lot represented the management 
usually given brooder chicks, since it provided a well-balanced ration and 
in addition supplied scratching litter and green feed. The exception to 
the usual brooder 'practice was that the birds were kept in confinement. 
Lots 3, 1 1 , 13. and 14 are the lots reported in the tables as receiving green 
feed. 

The idea has been advanced by some that the benefit of the scratching 
Bun was derived not from the exercise it promoted but from the lai^e 
quantities of the fitter that were consumed by the birds, providing an 
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abundance of fiber which is considered so beneficial in the digestive tract. 
In view of this possibility, lots 4 and 5 were fed straw pulp. The only 
difference in the treatment of these two lots was that No. 4 received but 
one^half as much of the straw pulp as did No. 5. This pulp was prepared 
by taking strawboard (made of straw) and reducing it to a pulp with 
water. This pulp, after most of the water was expelled, was mixed with 
the dry mash. This was bulky, especially the mixture fed lot 5. The 
actual dry-weight consumption of paper was approximately 2K and 5 per 
cent of the ration for lots 4 and 5, respectively. This pulp was palatable 
when mixed in the feed, and the chicks would eat it fairly well. 

Tot 6 received the basal ration with hydrochloric acid added to the 
drinking water at the rate of i part 36 per cent hydrochloric acid (HCl) 
to 500 parts of drinking water. This is sometimes recommended as a 
substitute for buttermilk for use as a preventive or corrective of black- 
head in turkeys and of bacillary white diarrhea and coccidosis in chickens. 

Tobacco dust, a by-product of tobacco manufacturing and a valuable 
remedy against intestinal parasites, was given to lot No. 7 at the rate of 
2 parts added to the basal ration. In like maner lot No. 8 received 2 
parts of sulphur, and No. 9 received 6 parts of lactose. Lot No. 10 re- 
ceived the basal ration with copper sulphate added to the drinking water 
at the rate of i part copper sulphate crystals (CuSO^) to 1,400 parts 
of water. 

The mortality records and weights for the different lots are given in 
Table I. 

Table I . — Weight and morialily of chicki 


lot 

No. 

i 

Ration. 

Ace, 3 weeks. 

Age, 14 week?;. 

Weight. ■ Mortality, . 

Weight. 

Mortality, 

1 

* 

Basal only 

G»n. 

257 i 0 ! 

Gm. 

644 

6 

2 

Basal -fstraw 

252 1 3 i 

475 

8 

3 1 

Basal 4 -straw and greens 

257 ; 3 ' 

524 

8 

4 

, Basal 4 - 2K per cent straw pulp 

1 (No. i) 

247 1 3 i 

630 1 

6 

S 

1 Basal-f-5 per cent straiv pulp 
(No. 2) 

j 

252 1 8 1 

638 ! 

8 

6 

Basal+HCl 

505 1 4 i 

639 1 

5 

7 

Basal 4 - tobacco 

223 ^ 4 : 

1 535 

6 

8 

Basal 4 -sulphur 

i 5 

605 

7 

9 

Basal 4 -lactose 

295 ; 4 

! 617 

7 

10 

Basal+CuSO* 

Basal 4 ‘greens'* 

: 2 

1 653 

3 

II 

243 : I 

3»4 

II 

12 

Basal -i- greens 

186 : 3 

i . 360 

ir 

13 

1 Basal -j- no greens 

23- ■ 5 

; ' 486 

10 

0 

M 

1 Basal>f greens'* 

205 : 3 

45 ^ 

i 0 


® Expcrinient No, I (1918), White Ughoms, fed same r;uion as I..ot No. 4 
° Experiment No. II (1919), White Plymouth Hocks, fed same TaUoti as lot No. 3. 

' Expenment No. 11 U919). White Plymouth Rocks, no gieens; basal ration wnuinin), 10 p D 
tein from meat scraps otily, mstead of meat scraps and soybean meal. nf erecas 

Expenment No. 11 (19*9). White Plymouth Rocks fed same as lot Nq. u addition ot er«as 
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FECES NITROGEN 

A study of the nitrogen of the feces was made to note if any increased 
utilization or change in the nature of the nitrogen end products could be 
obtained because of the added compounds. The data from composite 
samples of the feces taken from the different lots are contained in 
Table II. 

Table U,— Amount and distribution of feces nitrogen 


Average 
protein 
cwsumed 
per chick in 
14 days. 


Gw, 

S &5 

56.78 

II 

67. 08 

73-^3 
67. 23 
61. 77 
73- 78 
68.17 
68.32 


Percentace 
of total 
nitrogen. 

Percentage 
ol nitrogra 
soluble in 
Niio m.'* 

percentage 
of nitrogen 
insoluble in 
Nito HCl.b 

2. 23 
Dost. 

0.94 

1. 29 

2. 20 

.91 

1. 20 

2. 02 

.94 

1.08 

1. 77 

• 89 I 

.88 

1.83 


.68 

1-35 

•85^ 

■ SO 

?. 36 

1.05 : 

I- 31 

2. 27 

1. 02 

25 

2. 18 

1. 10 

1.08 



42- 1 


41.4 

46.5 
50.3 

62. 8 

63- o 

44.5 

44-9 

50. S 


« Urea, anmionU, and amino acid nitrogen. ^ Uric acid and residvul nitrogen. 

DISCUSSION 


Table I gives the results of the different rations outlined, including 
such factors as green feed, antiseptics, fiber, exercise, and their effect 
upon and mortality of the chicks. When the gain in weight and mor- 
tality of the different lots are considered, a few points stand out promi- 
nently and are suggestive as being worthy of further investigation. 

The most important of these is the effectiveness of copper sulphate in 
preventing mortality, probably because of its well-knowm antiseptic 
properties. Since an antiseptic seems to be so effective, it adds addi- 
tio^ evidence that one of the main causes of mortality of chicks grown 
in confinement is the intestinal putrefaction so often noticed in the 
autopsy of chides. Sprouted oats is thought by some to be effective in 
lessening mortality, especially when fed for a short time only and when 
girrn as a supplement to a somewhat monotonous ration. It is possible 
that under the conditions of the experiment no benefit was obtained from 
its use with growing chicks when fed throughout the first 14 weeks of 
the growing period. Lots No. 1 1 , 12, 13, and 14 noted in Table I include 
unpubli^ied data obtained in previous experiments which are introduced 
here as further evidence of the ineffectiveness of greens in preventing 

chide mortality. r , 1 

The snlphiff received by lot 8 caused a continued looseness of bowe s. 
This did not seem to have any ill effect and may have been of some 
advantece, ance at 8 wedt* of age this was one of the tot lots 
retardtam rffect of tobacco was pronounced and resulted m 8*’^“ 

growth daring the first 8 weeks. There was a tendency for the chicks 
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recover somewhat by the age of 14 weeks. The chicks in this lot alWays 
seemed mote wild and nervous than those of any of the other lots 

The use of hydrochloric acid in the drinking water of lot 6 seemed to 
be of some benefit, inasmuch as the mortality was somewhat less than 
the average and the growth was consistent throughout the experiment 

Strawboard pulp was supplied to the ration in lots 4 and 5 for the pur^ 
pose of adding bulk and thereby lessening the danger of impaction of the 
contente of the small intestme and caeca common when feeding a grain 
ration. It did not seem to aid in reducing mortality. 

Lot 2 was given a litter of oat straw to encourage the chicks to exercise. 
This did not prove successful in promoting growth, since this lot made 
the smallest gain of all, nor did it tend to lessen mortality. Lot i, which 
was the control lot, received only the basal ration. As shown in Table I 
this ration has proved its efficiency in promoting growth and has also 
proved its inefficiency in checking mortality, especially during the time 
between the eighth and fourteenth weeks. 

It will be noted from Table II that in lot 6 and also in lot 7, which 
received tobacco, the percentage of nitrogen in the feces was lower than 
in most of the other lots. Furthermore, it was found that the percentage 
of nitrogen excreted as uric acid was less, indicating a somewhat greater 
percentage of utilization of the nitrogen in the feed. 

Lactose, which was added to the ration of lot 9 did not seem to aid in 
lessening mortality or in promoting growth. This may be due to the 
fact, as stated by Mendel and Mitchell/ that birds, unlike mammals, have 
no sugar-splitting enzyms in the small intestine; hence the sugar fed 
was not converted into lactic acid to any considerable extent and thus 
did not aid in checking intestinal putrefaction. This view is further 
substantiated in the production of the usual amount of uric acid in the 
feces, since otherwise nitrogen appearing as uric acid would probably have 
appeared as a soluble ammonium salt, as noted in lot 6 in Table II, where 
hydrochloric acid was used in the drinking water. 

SUMMARY 

(1) The tops of sprouted oats seem to be useless as a preventive of 
digestive disorders or as an aid to the growth of chicks in confinement 

(2) The analysis of the feces indicated that chicks given hydrochloric 
acid and tobacco powder produced less uric acid in their feces than did 
the other lots. 

(3) Tobacco powder added to the ration of grooving chicks prevents 
their normal growth and causes them to be wild and nervous. 

(4) Hydrochloric add, sulphur, and particularly copper sulphate offer 
interesting possibilities of success in raising chicks in confinement. 

‘ Mbndel. I^afayette and Philip H, chbsucai, studies on growth.-I. the inverting 

^ZYUES OP THR ALQCBKTAHV’ TaACT, BSPSOALLY W THE EMBRYO. In Amer. Jour. Physiol,, V. 20, no. i, 
P 1907. BibUomt^y. p. 94-^. 
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COMPAEATrVE UTILIZATION OF THE MINERAL CO’n 
STITUENTS IN THE COTYLEDONS OF BEAN SEEDLINGS 
GROWN IN SOIL AND IN DISTILLED WAT^ 

By G. Davis Buckner ^ 

Chemut, Kentucky Agricultural Experiment Station 

The experiments of Schroder on the distribution of organic and mineral 
constituents in seedlings of the kidney bean, Phaseolus vulgaris pub- 
lished in 1868 > show that, in his fourth stage of germinating, whmi the 
second and third joints with the trifoliate leaves have formed, the coty- 
ledons, which have become much reduced in size and more or less shriv- 
eled, still retain a considerable proportion of their mineral matter unused 
Schroder’s analyses show that these shriveled cotyledons retain about 
nine-tenths of their original calcium, whereas not more than one-fourth 
of their phosphorus and about two-fifths of their potassium, sodium, 
and magnesium remain. In regard to the calcium, however, Scroder 
points out that his determinations appear to be too high and that this 
result should be verified. In describing Schroder’s experiments Pfeifer » 
remarks that — 

complete removal of all of the essential elements is never possible, for even in a 
starved plant, certain essential stnictural constituents can not be mobilized or 

consumed. 

In 1915, the author of this paper published some results * showing that 
when the Kentucky Wonder garden bean was grown in distilled water, 
approximately 86 per cent of the calcium, 50 per cent of the phosphorus, 
and 40 per cent of the magnesium remained unused in the cotyledons as 
compared with the amounts found in the normal cotyledons. In this 
experiment the seedlings had been permitted to grow in distilled water 
until they became etiolated and died from lack of food. These figures 
approximate those given by Schroder. 

The following experiment was undertaken with the view of comparing 
the degree of utilization of the total ash and the elements calcium, mag- 
nesium, and phosphorus in the cotyledons of bean seedlings grown in 
distilled water and in garden soil. 

In starting the experiment it seemed of primary importance to deter- 
mine the distribution of the total ash and the elements calcium, magne- 
sium, and phosphorus, which were to be studied, in the separate portions 

^ The author eraUfttlly admoiriedgcs Df. A. If. Peter's careful criticism of this manuscript. 

SciiaODBR. Julius. UHTmtSUCHUKO CbM DJB VERTHElLCNCi DBS STICK STOFFS XJXD DER MIXBRAL- 
BESTANDTBBa.BB!UXSunm<l ow SCBWNXBOBNQ. Ih Undw. VCTS. Slat ,, 10, p. 493-510. 1S6S. 

* PfBFFSR, W. TH* ravtlOLOOY OR K.ANT8 . . . i*d. j, transl. and ed. by Alfred J. Ewart, v. 
»i 0. 584. Oxford, 1900. 

Bi;ck.ni;r. g. DavU. nuMSLOCATioK oR mineral coKsrrrcBxTs or .seeds and tubers of cbrt.un 
PI..\NTS durin g growth. /» Jour. Act. Roe»rch. v. s. no. 1 1. p. 449-4 sS. 1915. 
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of the beaa under consideration. Since SchrSder used the kidney bean 
Phaseolus vulgaris, it was decided to'use a kidney bean m this experiment' 
in order to obtain more comparable results. The Kentucky Wonder 
garden bean is a good example of this type, and, since it is well adapted 
to this climate, it was chosen. 

About 3,000 perfect beans were selected and, after thorough washing 
were allowed to soak in distilled water overnight, until the integuments 
were softened. From i ,ooo of these beans the integuments were care- 
fully removed and saved as a separate portion. The cotyledons were 
then carefully separated, and the embryos were dissected out. The i ooo 
embryos and 200 of the cotyledons were separately analyzed, as were 400 
integuments and 100 of the whole beans remaining. During these oper- 
ations, care was taken that the separate portions did not bec^e contam- 
inated with dust or other foreign material. The materials were dried in 
an electric oven at 100^ C. for 24 hours, after which they were weighed 
ashed, and the phosphorus was determined by the method of the Associ- 
ation of the Official Agricultural Chemists,* while calcium and magnesimu 
were determined according to the method of McCrudden.* All the anal- 
yses made during the progress of this experiment were similar in every 
respect. The results are stated in Table I , calculated for i ,000 beans and 
also as percentage of the moisture-free materials. 

In determining the degree of utilization of the elements in question in 
the cotyledons of beans grown under normal conditions in garden soil, 500 
carefully selected beans were planted in a box of garden soil in a room 
which received the proper amount of sunshine and ventilation. In this 
room, also, the seedlings in distilled water were grown. Since the room 
was used only for this purpose, the chance of contamination from dust 
during the growth of the seedlings was very small. When the bean seed- 
lings had pushed the cotyledons well above the soil, the cotyledons uere 
carefully washed with distilled water and a camers-hair brush to remove 
any adhering soil. At all other times the watering was done from below, 
so that no water touched the cotyledons. As growth advanced, the coty- 
ledons became greatly shriveled and turned brown and finally dropped off 
upon clean paper so placed as to keep them from falling on the soil. They 
were then analyzed and calculated according to the method described. 
The results will be found in Table I. 

In that port of the experiment in which the seedlings were to be 
grown in distilled water, i ,000 beans from a new lot of the same variety 
(the first lot havis^ been aU used) were selected and sterilized by placing 
them in an atmosphere of formaldehyde gas for four hours, after which 

» Wbjkv. H. W., et al. onrtOia a!«> movisiomai. ustbom or axalysu. assooatioij of orRa-it, 
AGRKVinnUl. CSVMVTS. *»amFIU»»TT«*«MniITTEiOW WWWIOKOf MMTHOM. U. s. Dept* 

Bur. ChcoL But p. 4. t9o(. 

* McCttmMN, F. B. TV* flDAJmTATIV* SSTAXAinCM or CAtCnUi AKD MAOWBSnrM IN ty® ^ mSANP 

orrMMnumAKDsfAUAiiooiiTsorikaM orviiiDriwSAUt ro*n«AKAtr«sor foods, uwn® 

nrcc*. Im }ata. Biot Qhem.. r. 1. no. s. p. i«fa. 
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they were washed with sterile, distilled water and germinated between 
blotting papers which had been treated with hydrochloric acid and washed 
free from chlorids with distilled water. The germinating dish was of 
porcelain and was sterilized by heating at 180° C. for two hours. The 
beans were allowed to germinate until the radicles were i cm. in length, 
when the integuments were removed and the radicles wrapped in sterile 
absorbent cotton which had previously been treated with hydrochloric 
acid and washed free from chlorids with distilled water. This cotton 
gave practically no ash when incinerated. After the radicles had been 
wrapped in the absorbent cotton, each bean thus prepared was placed 
in the mouth of a test tube which had been thoroughly coated inside with 
paraffin and was held there by applying a few drops of melted paraffin. 
The test tubes were thoroughly washed with distilled water before the 
distilled water in which the seedlings grew was placed in them. This 
water was replaced as rapidly as it was removed by evaporation and by 
transpiration. The bean seedlings were allowed to grow until they had 
etiolated and wilted. The seedlings thus formed were uniform in size 
and development, being about 7 inches in height, with a well-developed 
root system and having two perfectly formed leaves which were somewhat 
undersized. The etiolation of the leaves and cessation of growth was 
taken as a point of maturity at which the cotyledons were removed, in 
a brown and greatly shriveled condition. They were analyzed as already 
described, and the results are presented in Table I. Inasmuch as a new 
lot of Kentucky Wonder beans was used for this part of the experiment, 
200 nonnal cotyledons from beans of this lot were analyzed and the results 
included in the table for comparison. 





Uar. 1, 19^1 


.879 


Utilization of Cotyled ons of Bean Seedlings 

r 

In Table II wfll be seen the percentage distribution of phosphorus, cal- 
cium, and magnesium m the ash of the separate parts of the beans anal- 
yzed. Here we see that the percentages of phosphorus in the normal 
cotyledons and those exhausted under the given conditions, are fairly 
constant, ranging from 32.62 in the exhausted cotyledons grown in soil 
to 36.66 in the normal whole cotyledons of the same lot. The percentage 
of phosphorus in the ash of the exhausted cotyledons of beans grown in 
distilled water very closely approximates that in the ash of the normal 
cotyledons of the same lot being 35.18 and 34.22, respectively. 


Tabus II. Analyses oj the ash 0/ beans and of the several parts 


Material analyzed. 

Phosphorus 
as PiOj. 

Calcium as 
CaO. 

Magnesium 
as MgO. 

Normal r«tyledoiis 

Per cetti. 

Per cent. 

Per cenl. 
446 
6.88 
9.81 


44 - SO 
3-44 
28. 33 
32. 62 
35* 18 
34. 22 

1.47 

Tnte^aimeiits 

3- ry 
48. 73 

Hortnfll whole beans. 

Exhausted cotyledons terown in soil) 

3-32 

3- 45 

2.45 

4.75 

8. 48 
2.87 

Exhausted cotyledons (^wn in water)® 

Normal cotyledons® 


I. 30 

3-27 


•A differest let d Kentudcy Wonder beans from those grown in soil. 


In Table III will be seen the comparative amounts of dry matter, crude 
ash, and the elements phosphorus, calcium, and magnesium used by the 
seedlings grown in distilled water and those grown in garden soil. Here 
we see that 92.3 per cent of the dry matter, 92 per cent of the total ash, 
92.8 per cent of the phosphorus, 81.4 per cent of the calcium, and 84.9 per 
cent of the magnesium of the cotyledons of beans grown in garden soil was 
translocated to other parts of the plant before the cotyledons ceased to 
function as a source of food supply. We see also that only 58.2 per cent 
of the dry matter, 54.2 per cent of the total ash, 42.9 per cent of thephos- 
phorus, 1 4. 1 per cent of the calcium, and 60 per cent of the magnesium in 
the cotyledons was utilized by the seedlings growTi in distilled water 
cultures. 

Table III . — CcmparuQn of percentages of material translocated from the cotyledons of 
beans grovm tn distilled uater atid in soil 


Dry matter. 
Crude ash. . 
Phosphorus. 
Calcium. . . , 
Magnesium. 


Material translocated. 


In S(vl. 

In distilled 
water. 

92-3 

58.2 

92. 0 

54-2 

I 92 ' 8 

52*9 

' 81. 4 

14. I 

' 84.9 

0 

d 
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It is readily observed that considerably more of each of these elements 
was utilized by the seedlings grown in garden soil than by those grown 
in distilled water. This would seem to indicate either that the distilled 
water is deleterious to the growth of seedlings grown in it or that some' 
thing needed in the process of translocation was accessible when the 
beans were grown in soil but not when they were grown in distilled water. 

Distilled water even of the highest purity has been considered toxic 
to seedlings grown in it, because of the difference between the osmotic 
pressure within the root ceils and that of the distilled water surrounding 
them. The distilled water used in these experiments was obtained from 
a Bamstead automatic water still and contained traces of copper and 
calcium. In this case the toxic effect of the copper, if any could be 
attributed to it, was counteracted by the calcium, as there was no 
evidence of the characteristic poisonous effect of copper on the roots. 

It is hoped that more light may be thrown on the subject of the utili- 
zation of the mineral constituents in the cotyledons by the young plant 
under varying conditions by experiments now in progress in this 
laboratory. 

SUMMARY 

When beans were grown in soil, a notably larger amount of reserve 
material was translocated from the cotyledons than when they were 
grown in distilled water. 

In both cases, a smaller proportion of calcium was translocated than 
of phosphorus or magnesium. 



SUNFLOWER SILAGE DIGESTION EXPERIMENT WITH 
CATTLE AND SHEEP* 


Py Ray E. Neidig, Chemist, Robert S. Snyder, Associate Chemist, and C. W, 
Hickman, Aninwl Hushandman, Idaho Agricultural Experiment Station 


The object of the experiment reported in this article was to determine 
the apparent digestibility ^ of silage made from sunflowers when fed to 
cattle and sheep. Sunflowers have gained a wide reputation as a silage 
crop in the Pacific Northwest, and much interest is being taken in their 
growth on lands where corn can not be successfully grown. Sunflowers 
are a hardier crop than com, withstanding both drouth and frost to a 
much greater degree. Another point in favor of sunflowers is the fact 
that usually a greater tonnage can be secured in the semiarid regions. 
Many claims are made concerning the high value of sunflower silage for 
feeding purposes, but little is known at the present time as to its actual 
value other than numerous practical feeding tests which indicate that 
sunflowers are a very promising silage crop. Recently, however, the 
Montana Agricultural Experiment Station has reported on the digestible 
nutrients in sunflower silage made from a crop of sunflowers han-ested 
when the plants were approximately 5 per cent in bloom. While a full 
report of the work has not been published, yet a summary of the digest- 
ible nutrients found in 100 pounds of silage, together with the same 
data on mature and immature com. taken from Henry and Morrison’s 
“Feeds and Feeding” is given in Bulletin 131 as follows; 


i j Crude 1 

i dry sub- protein. 

; stance. I 1 

Crude ; 
fiber and 1 
nitrogen- 
free 

extract . 

Ether : 

; ratio. 

Digestible nutrients in joo pounds of j ptntnds- \ Pound.^. 

sunflower silage ' r " ^ ^ ‘ 4 1 

Digestible nutrients in 100 pounds ot i 

mature com^ ■ ■ • — j ^ • 3 ; i- ^ 

Digestible nutrients in 1 00 pounds silage [ 
from immature corn® 1 

Pevnds- 

10. 13 

15. 00 

11. 40 

Pounds. ! 

0 . 37 1 9. 8 

15.1 

, 40 i 12 . 3 

a Henry. W. A,, and Morrison, E. B. feeds and feeding . • ■ ed. 17. 691 p- MadUon, W s , 




From the digestible nutrients found in the sunflower silage and iron, 
the practical feeding experiments carried on by the Montana * 

Experiment Station, with dairy and beef cattle, e^.es, an roo 
they conclude that sunflowers are a valuable silage crop. 


I PublUhed by the pennUdon Director E- J. Iddio^. Idaho " 

a joint project of the Defrartmeat of Asricuitural ChraUtiir an of apparent digestibil- 

* Throughout this aitide the coefficients of in the feces expressed in 

ity-that is, the difference in the weights of the nutrients of the sius* 
percentages of the toUl nutrients eaten. 
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During the past tvro yesn at the 

Idaho Agricultural Expetteatt 
this arti^ on the digestion ex|)erimei^ whh 
sils^e used was made from a crop of stmiowere biimted when about 
50 per cent of the sunflowers were in bloom, but when only a few seeds 
were in the dough stage. The plan of the woric and the data secured 
ioltow, 

TUN OT EXmiMBHt 


Three registered Shorthorn cows, No. 5, 6, and 7, wwe used in the 
experiment. These were the only cows available at the time the experi- 
ment was conducted. Their ages varied, cow No. s being 3 years old, 
cow No. 6 being 10 years old, and cow No. 7 being 5 years old. These 
cows were kept in specially prepared stalls, which were arranged so that 
it was possible to obtain an exact record of all silage eaten, water con- 
sumed, all sila^ rejected, and all feces voided. No record was kept of 
the urine, either as to the amount voided or as to its chemical analysis. 

Three yearling wethers, all pure-bred Shrop^res, were placed in 
^)ecially constructed pens which facilitated the securing of records on 
the amount of silage fed, silage eaten, water consumed, and feces voided. 

The preliminary feeding period extended over a period of 10 days, 
during which time the animals were given an opportunity to accustom 
themilvcs to their surroundings, and also to ascertain the maximum 
amount of silage that they would coi^ume daily. It was found that 50 
potmds was the proper amount to feed the cows, while 2 pounds were 
sufficient for the daily sheep ration. The cows and sheep were fed one- 
half the full ration both morning and evening. When the animals 
appeared to be normal in every way a few days were albwed to elapse 
and then the final digestion period of seven days' duration was begun. 
During this period samples of the silage fed, sih^ rejected, and feces 
voided were collected daily and compoaited. Daily records of the 
amounts of silage fed, silage rejected, and feces voided were secured, 
together with the daily weights of the animals. Chemical analyses were 
made of all composite samples. The results are given on both the wet 
and dry basis in Table I. 

Table II contains the amount of sih^e fed to cows and sheep, the 
water consumed, feces vwded, «lage rejected (caDed orts), and the daily 
weight of eadi individual cow and sh^. Table III contains the total 
weight of silage fed, the total nutrients contamed in the sil^e eaten, and 
the feces voided. 'The amount of nutrients and the percentage digested 
arc also given for eadi aminal. In cakutoth^ the nutrients eaten, the 
total nutrients cemtained in tire ril^ rejected were subtracted from t e 
total nutrients contained in the sils^ fed. Hence the figures represen 
the actual amount of dry substaiKe and nutrients eaten. The resu 
are all expressed on the nwisture-fpw baas. 



ical composition, of silage^ oris^ 











Mar. X, 1^1 


Sunflower Silage Digestion Experiment 


885 


Table IV gives the apparent coefficients of digestibility for each 
animal, together with the average coefficients for the three cows and 
sheep, respectively. 

Table V gives the pounds of digestible dry matter and pounds of 
digestible nutnents in 100 pounds of sunflower silage. The individual 
nutritive ratio for each animal is given, together with the average 
nutritive ratio for the cows and sheep. 

TABtB III. Total 'Weights of sunflower silage, feces, and water for the '/‘day period 
[Results expressed in kilograms on moisture-free basis] 


COW NO. 5 



Dry 

sub- 

stance. 

Crude 

protein. 

1 Crude 
i fiber. 

Ether 

extract. 

Nitrogen- 

iree 

extract. 

Ash. 

Silage fed minus orts 

Feces voided 

Amount digested 

Percentage digested .... 

33. 096 
16, 109 
16. 987 

51 - 300 

3- 203 

I. 586 

I, 617 
50. 500 

g. 714 
6- 293 1 
3.421 
35. 200 

: 1. 952 

.472 

I. 480 
75. 800 

14. 848 
6. 206 ' 
8. 642 
58. 200 

3-279 

2.430 
.849 
25. 900 


COW NO. 6 


Silage fed minus orts 

32-731 

3. 181 

; 

9. 564 : I. 945 

14, 799 

3 - 242 

Feces voided 

.! 15.098 

1. 660 

5 - 70Q ; . 482 

7 - 5 “ 

2. 282 

Amount digested 

• : ^7-633 

1 I' 521 

j 3. 864 1 1. 463 

7-288 

. 960 

Percentage digested. .. 

53.900 

■ 47. 8oq 

40. 400 : 75. 200 

49. 200 

29. 600 


COW .N'O, 7 


Sil^e fed minus orts 

33 - 673 

3.229 

10. 008 

I. 960 

15- 163 

3-313 

Feces voided 

16. 893 

1,776' 

6. 342 

■ 5S4 

5. 860 

2. 511 

Amount digested 

16. 780 

2-453 

3. 666 

I. 376 

9-303 

. 802 

Percentile digested 

49. 800 

45.000 

36. 600 

70. 200 

61. 400 

24. 200 

SHEEP NO. 2 

Silage fed minus orts 

2. 694 

0.258 

0. 801 

0 - 157 

I. 213 

I 0. 265 

Feces voided 

I, 144 

. 122 

.427 

.036 

.382 

■177 

Amount digested 

1-550 

• 136 

■ 374 

. 121 

.831 

.088 

Percentage di^isted 

57 - 500 

52. 700 

46. 700 

77, 100 

68. 500 

33.200 


SHEEP NO. 3 


! 

Silage fed minus orts j 

2. 634 

0-255 

0. 772 ; 

i 

0. 156 I 

I. 190 

0. 261 

Feces voided ! 

1. 286 

. 127 

1 - 499 ' 

•043 i 

•439 

, 178 

Amount digested 

1, 348 

. 128 

■273 

.113 ! 

■751 

.083 

Percentage digested 

51.200 

5a 200 

35- 400 

72. 400 

63. 100 

31. 800 


SHEEP NO, 8 


Sil^e fed minus orts. ! 

2.664 

0. 256 

0. 787 ! 

1 

0. 156 1 1. 202 

0. 263 

Feces voided 1 

.858 

1.8^ 

. 102 I 

•331 

, 027 • 268 

. 130 

AttMiunt digested ^ 

■ 154 I 

6 a 200 

.456 

. 129 1 . 934 

-133 

Percentage digested 

67. 800 

S 7 - 9 ^>o 

82. 700 j 77. 700 

5a 600 
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Tabls tV.^oeffidenis digesiibiUtyfor arm and sheep 
{Expressed in percentages] 



Dry 

stance. 

Crude 

Crude 

fiber. 

Ether 

extract 

NitroBett- 

free 

extract. 

AA, 

Cow No — 

5 

6. 

7 

Average for cows 

51-3 

53-9 

49.8 

H 

■fly 

KSh 

35*2 

40.4 

36.6 

75-8 
75-3 
7a 3 

58-3 

49.3 

61.4 

as - 9 

39. 6 
34. 2 

51-7 



73-7 

56.3 1 

! 

26.6 

Sheep No. — 

2 

3 

8 

Average f<» dieep 

i 

57-5 

SI. a 
67.8 

I S 3 - 7 
50. 2 
6a 2 

j 

1 

1 46.7 
i 35-4 

1 57-9 

77.1 
72.4 
8a. 7 

68.5 1 

63.1 

77-7 

33.3 

31.8 

50.6 

58-8 

54-4 

46. 7 1 

77-4 

69.8 

38.5 


Tab^B V . — Nuirients digested by cows and sheep in each lOO Pounds sunfiower silage 
[Estimated «o wet basis] 



Dry 

sut^ 

stance. 

Crude 

protein. 

Crude 

fiber. 

Ether 

extract. 

NitTogetk. 

IMC 

attract. ^ 

Nutritive 

ratio. 

Cow No. — 

5 

6 

7 

Average for cows 

Pounds. 

la 9 
*1-45 
la 56 

Pounds. 

1.03 

■97 

.91 

3. 33 

3. 55 
2.31 

Pounds. 

a 93 
i *93 

Pounds 

5-56 

4- 71 

5- 87 

9.6 

9*6 

1 II. I 

10*97 

•97 

2.34 


5*38 

la I 

Sheep No. — 

2 

3 

8 

12. 2 

ia86 

14.4 

1.07 

r. 03 

X. 33 

3.94 

a. 33 
3- 65 

1 1 

1 1 

1 o*9Sl 
.«9 1 
i 1*03 j 

^55 

6.03 

1 7*43 

10. 9 
10. 1 
10. 9 

Average for sheep 

13. 49 

1. 1 

3-94 

•95 

6.68 

10. 6 


INDIYIDUAtXTY OF COWS AND SHEEP AS TO THE AMOUNT OF 
SILAGE DIGESTED 

An inspection of the tables shows that the three cows and three sheep 
all varied considerabiy in the amount of dry substances digested. In 
general, the same ratio of dry substance chgested and nutrients absorbed 
existed. The sheep showed a much I^::ger variatiem in total dry matter 
digested than was noted with tl« cows. The results of this one diges- 
tion period indicate that there exists an individuality among animals 
as to the thoroughness with which they d%est their feed.* This view is 
supported by the recent work irf Grindley * and his associates on d iges- 

■ GnKoun'.H.&.CASMiaun.W.r.mid o t om oou ropoMOfn wrm rtc.s 
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tion experiments with pigs, in which tliey found individual differences 
in of the same age and species in the amount of feed digested which 
prevailed throughout 40 digestion periods. 

It is readily seen that to secure an average digestion coefficient with 
any class of animals, a considerable number should be employed, which 
would mitigate the factor of errors introduced by individuality of the 
animals. If, however, a considerable number of animals are employed, 
the work becomes very voluminous and necessitates a large number of 
men to carry the experiment to completion. While these individual 
differences are not very great, it is thought that a sufficiently close 
digestive coefficient value can be obtained by using a smaller number 
of In this work it is believed that the average coefficient 

obtained for the cows and sheep closely approximate the true digestive 
coefficient. A comparison of the analysis of the sunflower silage fed at 
this station and that fed at Montana, together with the digestible nutri- 
ents contained in each sUage, Mows. 

Tabus \l.— Comparison of sunfiower silage fed of Idaho and Montana Agricultural 
Experiment Stations 



Dry 

tub- 

stance. 

Crude 

proteiu. 

Crude 

fiber. 

Nitro- 

gen-tree 

extract. 

Ether 

artract. 

! 

Ash. 1 
1 1 

Crude 
fiber 
andni- 
trogea- ] 
tree 

1 extract, 1 

Nutri- 
1 tive 
ratio. " 


Pounds. 

1 Pounds- 

Pounds- 

6.8 

Pounds. 

Pounds. 

Pounds. 

1 1 

Pounds. 


Sunflo^ sihfC. 

3(.4 

Jl-A 

tt.it 

1 - 03 

6. j 

9,56 

t. 33 

2-09 



Sunflowtt la*™ 

Digestible nutnenta m wo 

pounds aJoB*. UmUM 

Digestible nutnenti in loo 
ponnds stUte. Id*ho cowl, . . 
Digestible nutriento in 
pounds silage, Idaho iheep. 

1.34 


■■17 

.91 

■95 


10-13 

1 

I 9-^ 

10.1 





9 - 6j 

10. e 




_____ 



1 


It is seen that a slight difference exists between the digestive nutrients 
found by Montana and those obtained by us, but the difference is smail. 
No data are avsulable as to the kind of animals used by Montana, hence 
no comments can be made. The nutritive ratio found by Montana and 
by Idaho is quite ^ar. Some of the difference is no doubt due to the 
different stages of maturity of the sunflowers. Montana silage was made 
from sunflowers cut when 5 per cent were in bloom, while Idaho silage 
represents a crop cut when 50 per cent were in bloom. 

Additional studies are needed to determine the best tune to cut sun- 
flowers in order to secure the maximum food value, . 

When the digesdrm coefSdents of sunflower silage obtained from cattle 
and sheep are compared with the coefficients of immature com given m 
tlie early part of thb paper, it is seen that for protein the cows 11 tihzep 
practically the same amount from sunflower silage that t ic> u i ue 
from immature com. sheep, there is sUgh tl y more digesti e pro em 
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in wnmature corn silage. When sunflower silage is compared with 
mature com, it is seen that the cows utilize aiightly less protein f|pm 
sunflowers than from com alage, whereas sheep utilize wmilar amounts. 

SUMMARY 

(1) Analysis of sunflower silage fed at the Idaho Agricultural Experi- 
ment Station indicated that it compared very favorably with com silage. 

(2) The digestible nutrients contained in sunflowers compare favorably 
with the digestible nutrients in mature and immature com. 

(3) The nutritive ratio is somewhat narrower in sunflower silage than 
in mature or immature com silage, 

(4) Sheep utilized slightly more nutrients in sunflower silage than did 
cows under the conditions of this experiment. 

(5) Where both com and sunflowers can be grown, the selection of a 
silage crop should depend upon comparative tonnage per acre and cost 
of harvesting. 
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Bean- 

Mdaty. ScePAojwfor vd^nru. 
navy, nodule bacteria cultucm, cfiect on 
milk... 

550 

MediinBBr utilization of minetal cofudtumtB 

in Mul and in distilled water 

Beans, horse See Kicia/afte. 

Bcctlealheppet. SutEumhUnOln, 

Beet top silage 537-54# 

B^^ar weed nodule bacteria otltnres, effect 
on milk 

W1UU» yjg 

Beggartidc. Bw BkUns Hpinnaia. 

Benzoate, ferric avaffobUity to rice plants in 

calcateousandnoncalcarecaiSGoils So-54 

Beta, host of GihhenUa saubmetii i<i 

Bicarbonate, sodium — 

effect mi siuwtit of rice 

value as dismlectant 86-iio 

Biddnrid, mercuric, toxity to gnailf igg 

BideiM— 

frt^tnnefa. shelter plant of Pyratuia ainslm, 559 
frandosa, shtiter plant of PjroiMte omtfliw, . 
Biology of the &naitw^ Borer, Pytausta 

ainsliei Hemrich (p^xr) 837-S44 

Bisidphid, carbon, fonnation during macera- 
tion of Cbfimie odza seed 131 

l^adt locust nodule bacteria cnltmes, ^ect 

550 

Blackleg of SoJonum/u^arwm 335-330 

"Btad: sp(^'* of ookms. See Cotidatricimm 
cirematu, 

Blanfordia* intermediate host of Sciuiosoma 

jajxmicum 198 

Btastobaaidac. siinflarity of certain species to 

P«imopk 0 r 9 fossypkiia Sir«<9 

Bbuiobatit^ 

tttricoUIk, SyiLZmodackiuittcitrkfiUUa. 
Bfu.ZmMioeitmMciifiaUlla. 

Blood, dried, availability of iron to rice plants 

in calcaienus and noBcalmrcDus soils 50-54 

Blood ff ufees, oontiol f»y destruction of inter. 

nMdiateliQst......j. xvs-mS 

BAobd serum, effect on efficacy of chloria 

dlrinfcctiuits 8sri w 

BInriMRy, highhttsh. See Voomuiun zv 

BoUwonn, pink, similar lQ>ulopteia 807-336 


‘ - — s 

^^xobsoUfa. SyiLHtlioikisobioktiL ? Page 

^te. caldum. value as disinfectant 

Bordemu staying, effect on CQnuxwitlon 

potaStubeis, skins, and sprouts 

^rer. smartweed. See Pyra^ta omsUtL 
Bone add. SeeAdd.bmic. 

BeviAmweni#— 

ascripuUa, agreement with type^speciwj . . 8x6 

CMW. similarity to TrttfoiieJfo^ 8x*.«i6 

diwni, skoiUrity to Tdcloueiteepp., gts-StO 

e^M^.simiUrity torfi(dl»w«ffl,g^^ 8x5^16 
fataata, similarity to TrtcftMMila spp. , . , . 8x9-816 
Aoydsiicffa, agteexneat with type-tpedca , ... fii6 

nmifTsAi, distinguishhig ciunilerx, difStd 

oriies,sw^tYtoTriciinuUatps>....... &is^x 6 

^«iMfci^rfe«o. agreement with type 

«i6 

Bciryosphatria saubinetii, Syn. G»b6enffa 
rott&wdtk 
Bolrjdit — 

ciaerea. growth of hypbae 

sderotia ^ 

Botulism^ 

«used by Bodttw botulmus 375-3,9 

inefficacy of ed d na c es against 

Botysi,?} thiUialis. Syn, Noc^tglia fuicfiu- 
w/m. 

Bouyouoos, George (paper): B^ee of Tern* 
perature to Which Soils Can Be Coded 

without Freezing .^167^ 

Bouyoucos, George J., and McCool. M. 

(paper): Measurement of the Amount of 
Water That ScmIs Cause to Become Unlree 

and Thdr Water-Soluble Material 587-593 

Bnwrieo— 

frewerwaa. seed... ia5-2a6 

camptstris — 

dassificatitai iiS-jsi 

cAtnenjw— 

classification nS-rax 

oUiftra, n. f. See Brassiea catnPestns 
ckinoleifera, 
ekinoleifera — 

analysis of seeds 136-133 

bacteiiddal action J34-13S 

botanical characteristics laa-zae 

classification iiB-taa 

pharmacological action 133- 134 

substituteformnstard 117-140 

volatileoU 137-133 

^tnenrir, classification 1 18-131 

var. anni{o$ariTiari»nenm,dassificatlca lao 

var, ririnenrir, dassification 118-133 

var. saiiva annua chinensts, classification 1 19-133 
ternao — ^ 

Japanese mustard. 117 

leal fonnation 134 

/wiceo— 

Chinese mustard u, 

leaf fonnation .4 t*4 

iut#*/ormir, leaf formatkm 134 

miofa, leaf formation 134 

olfracea buiiaia ffemmifigm, seed ■ ■ isj-xatf 

orimiaiw, clasaificatioa 11^x33 

dassiffcation. 119 

dassificatiou 119 

rapor- 

classification 119 

effect on water exttact of sou 663*^67 
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mcdkaal properties. 


hridtat..^.............,. 


Mt^hatdtat 


Porodom, habitat 


h(rpiasa,hririfat... 



BRUcate, J, F., sod Brins, I^rnm J. (p«- 
per): Ooiic«nt»tj(itcf Potasri^ 
daw Sohitnoi Kot a IfeasuK d Its Avallr 

abdkr to Wheat Seedliots...... 6i:5-<i(]i 

Brie^ tynuB J,, and Bteazeate, J. F. <pa* 
par): Ooncentratkai of Pwasahtm in OrthO' 
daw Sdutioas Not a Uoastueof Its Avail* 

. ability to Wheat Seedlaisa 

Bnnaid. dhyl, effect in aritimUrinj ^mnt- 

ist of potato hdxn daj 

Brandn, effect in sdmidattttg aprautiitt of 

potato tuben fri3 

Wi,hoatoIGi(6irdiBnnfhM^ jft 

BnooL SttSw^hamms mp«ms, 

Bodmer, Gi. Davis CanpantiTC 

Utili»tkn of the Misetal Ooortitamts in 
the OotyledoBS of Bean Scedibflt Ofown in 

Soil and in Distmed Water 87rno 

Bndnriicat SetF«gopyrumfatoPrrim. 

Bods, treeisinir* 

Bngni grid!.’ See Sseelarofa x^MdanMai. 
BolHnns,,. intennediate host of SdUriBOTMa 

ha wa e fo Wi ie taiKlSL HMMJoat. 198 

BtmdibaTy. See Cofnar oaaadaarit. 

Bniger, O. F. ftMper); Vatfatkos in Ocllfr 

totridmmi^oeoapQcioadcs 

Bntyricacil See Add, botyik, 

Baxus,!ioBtof CiUersttsMtiUadii..,,..,.,.. 16 

CaiMdra~ 

fnttOm. Syn. SitePkAu 
UmvmdL SynSito^UhxJMMirM; 

(CaMa) SibfPUlms «rm See SinMs 


oryaa. 

Calakfoni pianta, eoolaiy ir34 

Cafcjphflooa plants ecoiogy g|-}4 

borate, valneM dMirfect a B t M^te 

carbeoate- 

efEectoagnmthof phiBta 99-44 

in Kansas Mils Mf-SM 

h9PodhloRte;nhMaadiaiaf«ctaat. M-xxo 

hi ben ootsdedoos fiji 

in aoseMdandnacfeRiedaQils.. ........ t6j-46j 

tsnxnnalaadBiiitdaddtnalarnn...... tae-if» 

htaoBcatnet 

hi sondMcnpoi^tiy feeds.... 141 

arid te potato ttdMn»ddhAiMd«iem.. its 
plwaphatf.eflect on growth of plants...... s»-44 

aWrris.cgactcnjpwwthflfcpiaada... ....... 4»<44 

iriatkatOMilftadion.. I|r«l 

Mdpbilta 0 actc»- 

afafridBtyripalaariBMi 

rifted 

CiMlK^MMApMiplieelPie^ hi 

CMoaoeoMh fpifCk a|aileim .. »$ 

> 47 1 

saaWeo ft nf | 


Otfbohydraica — ' ; Bege 

in sugar beet top sflage* < • < < > 

1 insweetcom ...v,.. jos^tes 

I Cvboiicocid ooefidcsts of dikrhi intiMii* 

tic*.... tetrioa 

Caibonate— 

caldutn*- 

cause ddilororis in plants..,. 36-«t 

effect OB availability of iron in scA. . 4^*49 
effectoagmwth of plants...... 4 d>44 

fatKahsattoils... 

bisulidrid, iofination during maoemt^ 

Otfaiese colza seed.. X3i 

dioxal— 

effect OB availalriUtyptpatassinm fti8 

Kansassdls 855 

fdatioB to hypertrophy dcoaiittB....... 

titradilorid. effect in stintdt^ttg 

ofpot^tnbets 433 

O^nn'DkaidCQOteiitofBamAlrfpapB') eoy^oS 
Oatmidiad, W, J.. and Dctleben, ). A. (pa- 
per) Inheritance of Syndactylism, Black, 

and DUutkm in Swine ^... 595-004 

Carr, R.H.,etaL (p4>er); Cran Feed emus 
Antisepdes as a Pieiventive of Tntef tlntl 

Diaorden of Growing Chida...... tfip'Srt 

Qumo, J. 0 ., and (Hie, P. !„ (paper) : CaoM 
of lime-Induced (Silondsaad ArailaUUtr 

oflroointheSril 33-61 

^itwrigbt, V. B., and AhuUe, George O. 
(paper): Biology of the Sttutweed Borer, 
Pyianrtaahuliei Hefniich 837-444 

CoflMW- 

canwboit€iUfo^ih«tuMitin"»t 3x3 

iMnuMA(iff,iiart ri UnpkipBtu hmitpim- 

TWO 308 

Curia— 

chsawwcriria nodole bacteria culttti«a, 4 ffect 

onmillc 550 

taro, food plant of Piiriynaisreriratia .... 8ir,8n 

CadlMisa Dues, caldfogofus nature 34 

CmJopiiliu 

deteriptkiB 80S-810 

distiagwwhitigcharagtm 605-606 

syaonyioy. 608 

CMuatkaaoBdeerrdatkn... isrfis 

Canae of UtD^lllduoed Chktfoda sihl 
aUUtyoflnmiBtbeSoUfpaptf)........’.. 35-61 

Crisdfrta (?) iufiaiMrii. Syn. Dkymolimit 
Suimmlis. 

CsiaisMiuiMiiku,paiiulteof; 9 (aphifHi sryaa 4 m 


Cattail. SeeTyphoiritfidki. 

Celery. SmApmi»tfmotm$. 

CHAnImilm t scdd«ria/tt— 

food plant of Ptalwrismyl a/ aii rt ai m 81$ 

«nt«r Metis 

Chrarilit oaphala, expcifanental bolt of 

JiridMrf........ 4 « 

C<KSotNsfs*M 4 < pttMc of ShpUkt 

CiiriWfsntir ««Mririlaa.biatoii)MwArica*ri. 431 
ChaadiM, All C (mpri)* (kntnd of Fluke 
iOlMMWby Dcftipcdoncd^li^^ 


Bolt,,.,,.,.. . 

Omm tlibm nae* Hi the temperiag of 

Wbait(pM)> 
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Ch(mtio;f*uUkiit Ptnfujihmkus, fiansitc Page 

Pyrausta ahuiid. 844 

Ciittopodmmr- 

ffhumnh iuwt oi VrfiPhiyt^ i>uiP<fsa. jjj 

muraU, host d EuUttix kneUa 347 

B)p., hosts oi— 

Eutettix tendla 347 ; 

VrQphlyctis {Cladcckytrmfn) puiposa 300 

Chcstattt See CiUtanea vesca. 

Chides, Breen ieed versus antisqrtiet as im- 
ventive of mtestinal disorders *69-873 

fhnHng ^ fnfl iwwr* in e timnlarin g growth d 

pktste 151-160 

Ghhtese colza. See Bwsica campestris (Jii- 
'MMfera. 

**ChlonumaT,’'valueasdJdalectaiit.. 85-iia 

‘^eSdorazene.” 56 e''ChIotamhiT.” 

Chlorid— 

cc^per, tendty to snails i9fr-i97 

ethyl, effect in stimuktuig ^voutiiiB of 

potato tubers 633 

ierrie— 

availability to rice plants in calcareous 

and noocalcorecHis soils 50-54 

effect on growth of rice 4 s -44 

innormalandmottleddtnu leaves...... 166-190 

manganese, effect on fonnatiaa of potato 

tubers 623 

potassium— 

absorptioo by plants 616-617 

effect on concentmtioo of soil aolstioii..., 393 
CUoruUir“ 

cbsdtta, Syn. obsobia. 

■riftsetns. Syn. Hdiatkiswsscenf. 

Chlorin— 


dishiiectants, gennicidal value 85-110 

in southeffl poultry feeds 143 

Chlorinated time, inff uence on effect of copper 

sulphate in water soi 

Chlorosis, caused by lime J3"63 i 

Quysaughwe. sunilarity oE one spedes to 

Aoro fOSsypieUa — - 832 

Ckrytopkybum oimformoe, host iruit of Ceror 

tdircc^ftota.. 4*3 

Citrate:, ferric— 

availaldlity to rice plants in calcareous and 

noncalgircous soils 50-54 

effect 00 growth of rice 4^-44 

Citric add. See Add, citric. 

CitTHS-^ 

mroMliuin, coouMsitioa of parts cl tree 163 

aurMitfoEa, parent of limet^uat 469 

iftntmmif, diflng esdurinf storage 357-373 

gfOIMfw— 

ounpodUen of leaves 163 

influence of— 

humidity on development of Pteudo- 

moMt 

tempeiiture on devdopment of Prm* 

k devUTfUU ciifi. 471"488 

I temperature on growth 4S!r47i 

Ifmoma, comDositioa of parts of tree 163 


'nMdica, host of GlotisPcrittm Umcttkcilun ... 734 


CifrfM— Continued • Page 

influence of — 

humidity <m development of Pseudomo- 

Itasdiri i... 494*'497 

temperattue on development of Pseud> 

mmasciiri,... 47i“48* 

temperature on growth 4S9"47i 

nebilis, var. dfUdosa, oompositiaa of parts 

dtree 163 

sinenns, parent of hybrid Rusk dtrange. . . 459 

Cittus^aolm. SetPsfudonkmas ctiti. 

Citrus leaves, normal and mottled, composi' 

tiou. 161-191 

Cladoohyirium (dfaifae, Syn. UropUydu 
iPkysoderma) Uproidea. 

Clawson, A. B., and Marsh, C. Bwidit (pa- 
per): Daubeptonia longifolia (Coffee Bean), 

a Poisonous Plant 507-5U 

Clematis, host of Gibberelta saubinetH 16 

Qevenger, Joseph P., et aL (paper): Studies 
in Mustard Seeds and Substitutes: I. Oii- 
nese Colza (Biaasica campesttis chinoleifeia 

j ViehoCver) 117-140 

I Ctimate— 

effect on anaporitiiOD d potato tubers, skins, 

and sprouts 632-634 

idatioa to ciQwnwart of alfalfa 319 

CUmatk temperature, effect on ripenli^ pme- 

css6s in sweetcom 795-805 

Clonoichb— 

human liver fluke 193-195 

perarite of Melanin 198 

Qover— 

Japan, nodule bacteria cultures, effect on 

milk 550 

red , nodule bacteria cuRuies, effect on milk. 550 
sweet, nodule bacteria cultures, effect on 

milk 550 

Sec TrifoliuM spp. 

Ctydotiopieron lecomo^, similarity to Peditui- 

phora ocisyPUlla 833 

Cocci in canned ripe olives 377-379 

Cocklebur. See Xanlhmm communis. 

Co^ca arabica, host of Ctratitis caPitata 4^3 

Coffee bemL See Doubenionia bmgifoiia. 

Coffee. See Coffta ofabica. 

CogOQ. See ImPeraia cylmdracea. 

C«x— 


lackryma, host of SUoPhilus oryta 4w> 

lackryma-jebi. immunity to SeUrosPora 

sponiawa * 7 * 

Odd, influence in stimulating growth cf 

plants... iSM6o 

ColUtotricJmmr- 

anliirkini, stromata. 69* 

Of cinmti. causal organkm cf omon smudge. 

685-733 

fiudus, similarity to C. ardnans, 693-694 

ijloeorfwwifw, variations 733-736 

la(fenorium, growth of hyphae 703 

lindemutkionum, growth of hyphae 703 

sp.— 

cause of wilting of cereal plants 7 

isokted from diseased potato vines..., 280-2S1 
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OoQoidii^ matecial, effect oo (reednt fi yntia Pftsre 

in soil $9X 

CoOc^d^cffectwozidAtioaoipotasshia,;.. 6 m 

C(don bacilli in oaived ripe olives 377^79 

Color, inhnitance in sviae 595-(^ 

Compantiye Study of the Comporitioa d tbe 
Snnffower and Com Plants at Different 

Stases of Gtowtb. A. (paper) 7^7*793 

Oompantive Utilization oi tbe Uincial Cqo> 
stitaents in the Cotykdons of Bean Seed- 
linss Giovm in Soil and in Distffkd IVatar 

(paper) 875-880 

ContpositkMi of Normal and Mottled Otms 

Leaves (paper) 161-191 

Compoririooof Tubers, Skins, and Spioutsof 

Three VarietiesoIPotatnes (paper) 613-655 

Coaccntiatioa of Potagshun in Orthodue 
Soltttkns Not a Measure of Ita AvailabiUty 

to Wheat Seedlings (paper). 6x5-611 

CoiiidiaofC»iU«rellanw6«)Mfn 9rii 

Coniieis, hypertrophied lentkxls S55-166 

Conium.hostof Gi66f»ifffiaw6iitri». , x6 
Control of Fluke Diseases by Destractiaa of 

the Intermediate Host (paper) :93no8 

Convolvulus, host d GUbfnlh stmbifutn 16 

Cook, F. C. (p^ier): Conuxiritka of Thbers, 
Skms. and Sprouts d Three Vaikties of 

potatoes 6 s}' 63S 

Coppei^ 

dilorid, tooocity to mails 196-197 

inpotatotuben.dcins, and grouts...... 6sy634 

nitrate, toxicity to snails 196 

. sprays, effect onpotato sprouts, skitu. and 

tubers 6 ishSs4 

ytll p hale, toxklty to Mtaill 196-108 

ComlMucr, SttfopeaiL See PyroMls wMs- 
fix. 

Coftt- 

oomparisonwithsmifloirersioriilite,... 78^595 
See Zta mats. 

Camux oouddotxtx, influence of odd in stfanti* 

lating growth (PL 19) 15 >-x6d 

Coronilla. host d GiSbenOa xowMiirtn 16 

Corrdatioa and Causation (paper) sST-jSs 

Corrriatmstor cropywMsindifferentyeaii m7"3s 6 
Cosmopterygidae, shnilarity d one mecics to 

9Qxxjrp«f/b 810 

CaxjoHiix piatfwtx. Sim. CauJii^ktlHX fa ri a a - 
MX. 

Cotton, Ridiani T. (pverV*' 

Four Rhynchodiom Attaddng Com b 

Storage 6os-6^ 

RiceWeev2,(Calandra)Sito^hihisoT7xa. 409*4x7 
Tamarind Fod-Bwer, Sxtophilns Bnearis 

(Heibst) 449*446 

Cottco. Seel/i&iimxfaxiocarpHX. 

Cotyledons, utilizatioai d niacfil confritu* 
CDtshiadlaadiadbtilled vattf. ....... 879-880 

Cwith, James F., and Gilmer, Lddi T. 
(pr^xr): An Bapcrinxntil Kady d Sdri- 

nacea Therapy djrflu 

CovSk. Frederick V. (|»pcr); The laflcco cf 
d edd m Stinriitkv the Omirtb d 

thau 

Cowpo Mddc bacteria cdmiii. dfcct w 
nflk ; W 


; Cowpea-soybean bacteria, comparison vrith Fl^^ 
Fadliux radtewefs and B. rdiobodXf . . . ; . 545>5S4 
Crab, wad. See Molax ciofoaam. 

Ciambinae, sbularity d one speries.to Pscri- 
flopkoro ^osxypieila 830-831 

Crsmariax/ociftx, parasite of Pyroariosp..... 843 

"Critical temperature*' for fruit buds 635-661 

Croddofema pMiana-^ 

difference fnanPidyndarotlrwia....,..,.. Bii 

similarity to Pedfao^Ava tossipkOtt 807,811 

Crops, dfect on water extract dsofl 663-667 

I Crotonylisotbiocyanate^ 

in Chinese col» seed 137-133 

physical constants : 137 

Crop growth, effect (HI diysical stated soil. 397-404 
Crownwart of AUalla Caused by tJiophlyctis 

alialfae (paper) 395-334 

Crude fiber— 

in Chinese colza seed 117 

in sugar beet top rilage 538-540 

Crustaceans, mscepUbaity to copper salts. . . 198 

I Cikatri^sp.,host(dCrt66ereUax8Udiia(ri..,. t6 
I Cununins, A. B., and Kdley. W. F. (paper): 
Composition of Normal and Mottled Citrtu 

Leaves *61-191 

Cyanid, attyl, formation during maceration (fl 

Chinese colza seed 131 

Cystinb potato protein.......... 614 

I Daubentooia lougifolia (Coffee Bean), a 

j Poisonous Plant (paper) 5^7-514 

I ZJoMbefrioaM latfi/oka— 

. lethal dose jn 

i pathologkal effects. 311 

symptoms d paisening 510 

jDsrodm whafkdax, water Icntiods 336 

Dqpec d Temperature to Which Soils Can Be 

Coded without Freezing (paper) 367169 

Pr^fxxario gotsypifUa, SyiL PKlmoPk)fa 
gossypitila. 

Dericcatktt, effect on CotUtetrickm drd- 

Tumt 698^699 

Deterkratiimd sugars in storage.,.., 637-653 

DeOdien, J. A., and Carmichari. W. J. 
(paper): InherUance of Syrtdactytism. 

Bladi, tod DihiUon in Swine 595*604 

Dextrose In grapefruit 359-377 

Diockoxaio— 

fitIUtweyi, parasite of CfniHit capHafa 434 

iryoat, parasite of Cxrodu capitata 414 

Dialyzed Iron, effect on growth of rice 41-44 

JUamino— 

acida in potato qnouts 614 

nttrogm in potato tnben, skiiu, and 

qtrouta 638-634 

Piejmeiimia ju t umaiu, umllarity to Ptctiiu^- 

pPoft gouypkUa 807,830(831 

1 H«U. H. F.. and Barber, H. 8. (paper); A 
Kesr Avocado Weevtt bom the Canal 

g ffw iii-»r6 

JWdfdrtfliwpnfsa, growth on cal^^ 55 

Di^fCifbanr- 

affect enavdlablUty of pdamlmit 618 

hibgm dr, 

DtplocnedkcggttedripeoUvie 37n79 
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Dourfaie, mefficacy ci echinacea against 8a>£a 

Downy mildew maize. B^eSderosporaspu- 
Drechslcr^ CharieSp and Jcmesp l^red Keuel 
(paper): Crownwart of Alfalfa Caused by 

UmphlycUs alfatfae 995-324 

Drying, effect m formaldehyde injury to seed 

wheat 931-343 

Dryinidae, parasite 351 
^ton. S. V., and Appleman, Charles O. 
(paper): Evaluation cJ Climatic "rempera> 
ture Efficiency for the Ripening Processes 

inSweetcom 795-605 

VEbony. Mexican.” See SiderocorPus/ksh 
catilis. 

otniuJtofoiM, mediobial properties, 63-S4 

turpurea. Syn. Bfouturia Purpurea. 

Echinacea therapy 63-S4 

Edlefsen, N. E-, and West, Prank L. (paper): 

Pioezlng of Emit Buds 655-^ 

Edsoo. H. A. (paper); Vascular Discoloration 

of Irish Potato Tubers 377-394 

^ect of Season and Crop Growth on the 

Physical State of the Soil (paper) 397-404 

Effect of Various Crops upon the Water Ex- 
tract of a Typical Silty Clay Loam Soil 

(paper) 663-667 

Effects of X-Rays on Trichinae (paper).., S4s-«54 
Electrolytic hypochlorite solutions, effect of 


Electrotnetric titration, indication of relation 

of calcium content of soil to reaction 853-86S 

Emmer, host of GibbereUa saxtbindn j(j 

Empoasca sp. , host Of A bPeHa sub/lava 350 

EHorfnoniairistriffaaa. Syn. Lajpeyresiatris- \ 
triffona. 

Ennyckio fufirfasmUs. Syn. Nodttelia ns/o- 
fasdaUs. 

Bnxym in Chinese colza seed destroyed by 

tartaric add ijo 

Enzymic action— 

inPreadowKwo^d^ricultures 4SO"4S5 

of Rhi»Put tritid on starch 761*786 

Bphestia osirmtlla. Syn, Moodna osirmeUa. 

Epidaea repent^ influence of cold in stunulat- 
ing growth {PL 30) 151-160 

, dcNfariwfff, host of Eufettii teneih 347 
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Lysin in potato protein 624 

UcOool, M. M.« and Bouyoucos, George J. 
(paper): Meosuranent of the Amount of 
Water That Seeds Cause to Become Unfree 

and Theif Watef^nble Material 587-593 

Macrosporiimi— 

parasiiicum^ parasite of Allium spp 687-68S 

parasite olAflHMntpp..... 687-68$ 

Magnesia in plants grown with— 

ferrous sulphate and gypsum 42 

sodium bh»riM»iate and spra^'td with lime 
and iron silts 4^ 


denticuloia, host of Uropklyctis al/ai/ae in 

Argentina 496 

[93-208 fakaia, host ol Uropklyctis aljalfae 296 

I satraa, host of — 

550 Gibberella sauhmetH 16 

Uropklyctis alfdfoe 295-3*4 

34 Melania, intermediate host of Paragonimus, 

34 Metagonimus, and Clonorchis. 198 

834 Meianotaenium alismatis. S>-n. Physoderma 
624 macutare. 

MeliJotus alba, growth of Gihberelh saubinetii 

rf cultures on >8 

e Melon fly. See Boefro^ra cuatrbilae. 

S8rs93 MeHthaaguatica, b(^t oiPhysodermameniiae. 313 

MeraPerus— • 

^ y_<583 cahndrae . parasite of SUophUus oryra 4*» 

68;“68S ftguisUus, parasite of Silopkiius oryza 42s 

parasite of i 7 ry 2 a 422 

43 Mercuric bicblorid, toxity to snails 196 

le Meskea dyspuraria, similarity to Pedvaophora 

46 ! gossypiella 828-819 
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]|eU0«iinias,i)ansite(rfMelaiik., ^ Z9S 

*Hexican ftbony.*' See SUtroatrpus Jtai^ 
tautis. 

Miarabr^uon sp., parasite Pynmsta ^ 843 

Hictoorsanisms, relation to deterioratlw of 

nigarsinatorage ^r^S3 

ICiddleton. William (paper): lieCoote’s Saw- 
fly, an Enemy of Yotuv ^*11X5 


Mildew, downy, of maize. See S€Ur(upor<^ 


spp. 

A/mom iw/oadtin, food^dant of CSifsciH iMo- 

irQpk$ila Sir-Su 

Aftmiuo^r s/cn^ host fruit of Ctrotitis oa^ 

iota 4*5 

Mineral content of— 

bean cotyledons, utilizatioa in soil and in 

distilled watn 875-880 

southern pouKry feeds 143 

Mixanikuijaponkus, susceptibility fo Sdutf 

sPora sPonUauo 671 

Moisture— 

effect on freezing-point depresska of soil. 390-391 

in Chinese colza seed zs7 

influence on formaldehyde injury to seed 

wheat 338-340 

in sugars in Stonge....... 638^53 

in sunflower silage 88) 

inswedioora 799 

rdation to hypertnphied Icnticds on the 

roots of conifers 353-366 

soil, effect on Fusarium-wilt of tobacco. ... 539 

Molasses, availability to rice plants in cakare* 

ous and noocakareous soils.. 30-54 

''Molasses, ferric;" availability to rice plaids 

in calcareous and noncalcaieoos sdls 50-54 

Mold. SetAspvfiUttsUntus. 

Molds- 

attacking wheat treated with formalddtyde 315 

in sugars in storage 63^^55 

Momerdica ciataHtiot host of Chutodacm oa- 

cwbitoi 431 

Monoamino nitrogen in potato tubers, akhts, 

and sprouts 624,638-634 

enzymkactka 778 

iioodna oUfMclk, siraUarity to PedmopJurt 

tottypieUa 831-853 

Mosaic disease of lettuce 73r740 

Mui^pme. Ste Pinuimtshiu. 


Mustard substitute 117-14Q 

Mynaun, effect on yield o^volatik oil fnun 

Chmcaecolzaieed. 130-iji 

MfUts Ptrtiw, osnier of m o saic disease of 

75ar7J9 

Navy bem nodule bacteria odtarcs, effect on 

milk 550 

Afsiulutraw)., seeds boat of 5ik^Mliafur3M.. 410 
Sidtfk OatcT CeiKuttm) g ramm icolt, ooa* 

idkcameaf'saowmotd''.,. it 

Nddig. Say S. (pagier): Sugar Beet Top Si- 

5 Jr*S 4 > 

Ncidig. Ray B.,aB)rder, Sobcft&, and Hkk- 
ma, C. W- (paper): Su n fl ow er Silafs Di- 
ffstioft SapcHascnt with CetUc aad 
Sheqp. 88rM 


^Tage 

'Nthmbo hiUa, ncd food tdant of PyrttusUt 


aiw&i... 8j8 

N^oeatolaecus atufrofwiMtr, iwa^ Of 

Phibuoryu 433 

Nmdiprion lectmUi— 

control 159"^ 

description 741-750 

distribution 758 

economk importance 758-759 

effect of weather 7 Sr 754 

hosts 756 

me history..., 7 S»' 7 S 3 

784^55 

ovipositien 755-738 

P«tf«ites 737-758 

Neopaks ttuwrs, parante of .Neodt^rton kcm- 

757-758 

New Avocado Weevil from the Canal Zone, 

A (paper) nj-n6 

Sict4iana~ 

fflaucat host of FuMrsHW oiyxAoram var. 

niroftaiwe. 534-595 

rudioi, host of Fimrhm oxysporvm var, 

nicofiauM 555 

fo^octim, host of Furarnm otysparun var, 

nuotianot, n. var, 515-556 

Nitrate- 

copper, toxicity to snails 196 

effect on avaUabilitr of potanhan 616-617 

in soil extract j8r394 

Nitrates in cropped and uncroppedsoiti..., 663-667 
NitrkackL See Add, nitric. 

Nitrogen— 

cffectmavailability of potassium 616-6x7 

in allyl and ootonyl isothiocyanatc n7 

in feoes of ddda 873-873 

in normal and mottled dtrus leaves 166-190 

in plants grown with sodhtm bkarbonate 
and spraynl with lime and iron salts., .. 46 

In potato tubers, skins, and sprouts.. 633,638-634 

in wheat, changes due to tempering 973-375 

mcBoamino, in potato sprouts 634 

Nitrogeu^ extract la sunflower and com 
silage. 8S1-688 


XvJmavrrtiscms. Syn, //sbolMz vtrsfenw, 
^odiuffer— 


fujofatdaiis, shnilaritr to PtctmoPhon 

ffossypitUd 8s9r83Q 

tiaUaUi. Syn. .V. rufafasdaUs. 

Nootttidae, similarity of certain specks to 

Ptdimopkora yostypitlU 833 

Nodule Bacteria of tcgmumous Ffants 

(pupw) 545-558 

Nonadditive facton in corrdatioii and causa- 

tiott 5^5^ 

Nonlkiear reUtions in oomUtka and causi^ 

tioo 

Noeprotdn nitiocai in potato smouts 693 

Non-spofedixming badlU in canned ripe 

ttm 57r379 

Nutritive ratio of sunflower and com tUage. 881-6S8 
Oats. SatAncMrabm, 

OdonkUt mbra^ holt of VropUyetit 

kun Ma 
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OidemlhPkorw^ 

yiiUmi,^Si^iydO,7mPmdm a,j 

Aafeeaw.rijniUtitydO.tew 827 

vmapimdus,n.sx> g,j^8 

,OU,voi*tae,lflChlnesecol2ase«l „„3a 

Cte*. 8eftHf&«ci«ffc»fcnft*x. 

Oletiuwtidae, siniihrhy of odtain Specks to 

Ptdkcphorapossyfiittia 

Olira,t»cteriRiacttis 

Olpidkm vidae, cytotogicaf sUnUarity to 

VnPiiyetis aljdfat 

Onk» Smudge (paper) 

Opiuf^ i 

fltkiun u « Parasite of the Mdon Fly in 

Hawaii (paper) 

kmulit. parasite of Cendith capitals 424 

Otjtanie— 

<im compouflds, avdlability to rice plants 

hi cakanotis and mmcalcareous seals 50-54 

matter, efitetoo— 

efficacy d cblorin disinfectaiits ip 

Fasatittm-wilt of tobacco Pp 

inffiieace of copper sulphaU in water,, aoo^j 
Otthflclase solutiohs, oonceatration of potss> 
shun not a meastuc d availability to wheat 

■eedlings 6is^i 

Orjta taim, growth on calcamms soil 38-58 

Osmotic pressure- 

fa plants 15^15, 

of dry seeds S9*-S93 

OverwmteringofCTiWeraiiaftfiiWwrff,., 14-15 

Oxalate, ferric, avalabUity to rice plants in 

caicamms and noncalcareoiis soils 50-54 

Oxid— 

csldum, in potato tubers, shins, and sprouts 653 
magnesium, in potato tuEiers, skins, and 

sprouts ej3 

potasrium. absoiptioo by plants 616-617 

Oxidation of potasdum. effect on availa- 
bility 619-611 

Oxygen, eflectonhypertroiAy of conifers.. 159-161 
Paciyiaiicfa fn^irnc/afu, similarity to Peeti- 

nopkafa pusy^ttUa S30 

Fak-choi Sec Brosriea eoM^ru ckinetuit, 
Poho/oro rimtikifo. Sya. f»pkktu stmt- 
iiiUa. 

(Poitstria) Pyrawtomyta P m Aafu . parasite of 

PyrowriaafwWv.,.. B«-ei44 

Jtedormaklehyde— 

Injury to seed iriwat,. *11-144 

physical propertie* ii8-i;3 

Patagooimut— ' 

lungffuke lartps 

PtmsHeolMdaiik,.,,,.... 198 

Para-oxybenxyl iaothiocyaoatc, diflcience 

humcrotonyliaiithiocyaiiii*.... 13s 

PoranMniw Syn. ZmdaxM ^aimti 

^*llu)lo«ical Anttyny of FoUto Blackles 



Ptowit ttodul* bac^ ctdbuca. efiect on 

^ 550 


Ptatnophoror^ • 

(Xwry^k/k, similar IrOddopteia 

nalvtJk, simiktity to P, gostypi^ . Bop 

Ptdicuioidtt murtcoimt, parasite of 
pkibu— 

Mnearis 

431 

Peltier, George L. (paper): Influence of W 
peratorc and HumidUyon the Growth of 
Pseudomonas citri and Its Host Plant* 
and m. Infection and Development of the 

®^^**®* 447-seS 

Penictiiium~~ 

kjonna, enzymic action 

cammberii, enzymic action 778 

4 &wcwin» enzymic action 778-779 

sp., attacking wheat treated wth fonnalde- 

«S 

Perilcmpui kytUmus, parasite of IfecdiPfhn 



Perkins, H. Z. E., et al (paper): Further 
Studies in the Deterioration of Sugars in 


Storage. . 


' «3rti53 


Permanence of Differences in the Plots of an 

Experimental Field (paper) 135-356 

Pe-tsai. See Brajjicn campetiris 
PkakeM biPuHCUUij. Syn. Pachytmuk 6i- 
j^Knetoftr. 

Pkaionia. cephaimak&na, n, sp &5-636 

Phdfmiid<u, similarity of one spedes to Pea- 

UfuphffTa gossypiiUa 815-8*6 

Phoitahs ^Iqaris, mineral cemtent d ootyle- 

875-876 

Phenylaianin in potato protein 624 

Phenylthiourea in allyl and crotonyl isothio- 

eyanate 

Hiilips, A, G., Carr, R, H.. and Keunard, 

D. C. (paper); Green Peed versus Anti- 
septics as a Preventive of Intestinal Dis- 
orders of Gtomng Chicks 869^73 

P Wttw prtttense— 

host of G 0 )bfTella saubinetii. 16 


shelter plant of PyraurlowMlid 

•a*. &39 

Pk<ma oJIticoitf— 


parasite of A ffiwm spc 

.. 687-688 

similarity to CdkioiTkhum ciremms, . 

.... 718 

pkorocera— 


claripettnUs parasite ol Ntadiprion lecoth 

Ut 

.. 757-758 

comrtocAt, parasite of Pyraiuta sp . . , . 

.... 843 

Iho^jhatc— 


caldum, effect on growth of plants. . . . 

.... 4^-44 

in normal and mottled dtrus leaves. .. . 

. . lOO-rpo 

in soil extract 

. - 387-394 

sodium, effect on avwlability of potas- 

slum 

. . 616-617 


Phosphoric add. See Add, phosphoric. 
Pho«)honi&~ 

in bean cntyledons. . ' 878 

in normal and mottled dtrus leaves 166-190 

in southern poultry feeds 143 

water-soluble la wheat, changes due to 

tempering » 7 M 7 S 

Phydtxnae. similarity of certain species to 
PtcUnoplioTa gotsypitUa 
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Phw^ PMe 

miib^ su9G4)t3b&ity to comwr nits. 199'^ 
oeadtniaUt, siucqitibiUty to oqjpcr taltSo X99 
Pkyfodtrm*^ 

tgrosHt^, moijibobffy 3tr3i4 

moipfaokicy 3t3 

caimi^ motfiiokcy ju 

iCkdodiytrium)-- 

tw<owi,dmjlailty to UhpUy^a^ai^M . . 305 

ftoaumiJat 30S 

macitkre,an^TkytoUrcpklycHs<itfaifM. 306 

arnuri, morpbolosy. 3x3 

titodufdis, mon^ioloey 313 

^Aordft, noipibology 313 

^ammis, motpliolocy 3x3 

Hpuridts, morphdosy 314 

kidist norp^loyy 3^ 

maatl^t, morpbdosy 313 

Nimiiw, moipludoyy 3U 

0Kwyawtt»t method d germituition 314 

{Prcbmyc*!) mmyaiUkis, similarity to 

Ufophfyctis olfalfu 30$ 

KhrodUri, znoiphdoey 313 

tpargani, moipbokgy 314 

.r^ccwniM, moipholocy 314 

votmu, moipliolGfy 313 

aaoo'NMty^u, morpholoffy 3X3 

Hiysoosis. mtemiediate host of SckufffioiM* 

and 5 . nmnumh 19S 

PhytoUoca, host d G^Uardla satJAutii 16 

canadmsis, hypertics>hied lentioda 355-166 

MTMM, bypatraphkd lentkeU 355-166 

PtMgmtt hypertrophied lenticels i55~*66 

ndfetu, hypertrophied leatkds.. #55-366 

Ipiswced. Seeit)iMrM<iHrMn<^«x. 

Pimpmtlk nkra, host ti VrepUyetu irUft- 

rvma...,. 3x3 

Pine— 

Austriaa. SeePMuroiijirMca, 
ja^ See Pwor (MJtriaM. 

Udo&y. SeePattafoda. 
hndleai SetPmutpaluttru. 
nuritixiie. See Pima 
mtti^ Sec Pima KNwita. 
led. Seei^sareiiiiow. 

ScotdL SeePcHaiyfvedrw. 
scrub. SeePMaiMfSMidM. 
riuKc. Sec Puna emtorto. 
dWci: See Pima oMMaMoAt. 
wcsteni veUosr. ScePi»sl{^aidniH«. 
white. SeePtmasirahtti. 
ydkw. Sec Pima AonisroM. 


PiiikboihfDrm»fim 3 arl<pida|itcf&. 8eHIS< 

Pmur- 

otutfiau^ boat of Smdiprim UcMtd. 555 

iealowM— 

hodtdNto^primUtfffiiti 736^57 

. IqrpciUopliicdlcnlkcls ssnM 

i «a«6Mo,hypeftiQ(^iiedk&tkdb t$jrt 66 

■ mU^hoid.dSmAiprktitui)iitH 757 

C 6 idtm, hypoft r eph i e d ko t kdi 355^ 

^darka,h)dtdiftoiipriimk«M$m 737 

sS 5 ^ 

oMrlliiMiliipatiivl^ SSI 


PuHO-Ointittued - P«tt 

wodiopta— 

)n^tANtt4ipripnUQ9ii4n 757 

hypertru>hled laticehi. ^ 

. mM(ihu,}mtolNto di prwfH fecwitri.... . . 757 

Aofiofm.hostoflVewfiArimifci^^ 757 

AtM^sf.caldhiCQUsiuture 34 

Aowderwo— 

host of N^pHon Uc/»Uei. 757 

hypertrophied leiitkda s55-aM 

yar. rcoAulonuii, hypertrophied lea< 

ticcU^ 153-166 

rsrttwus— 

hostof Nu^prwn Ucontti 737 

hypertrophied leatkels 155-166 

ffsida, hyperttophied leotioda 155-166 

Orotia— # 

bostol Utodiprion licoftiit 757 

hypertrophied lenticels,... 155-166 

jy/wrtrir— 

host of Ntodipriem lecontei. 737 

hypertn^ibied lectlods jS5‘»66 

host of A^eodiArton kconiti 757 

itr^ioiui — 

host of NtpdiptioH Uconki 757 

hypertrophied lentkds.. 155-166 

PtAtmcHba— 

jHdtafrtiaipariaited£Hi(ttixien«ffa 350-351 

Mirafwidia, paraatc of £«Mia UntUa . . . 350-351 
PfoNorfru colfiodfAbo— 
mtomediate host of 5 dNrioro«« Jutmtio- 

6itlm and 5 . maiuont 198 

susceptibility to copper salts 199 

Plant yrowth. inSuence of odd — 151-160 


Plants, Uanstdration, conclatka and causa^ 

two 375-585 

Ptah*itra viUUa, similaiity to P. ^ostyPitllQ . . S09 

Plctynckr- 

/lmdBM,sisiilarttrtoP. radroM &3s 

rorfroKo, similarity to Ptdmopkorc gotTy’ 

pieUa 811-823 

Pod-borer, tamarind. See SdopkOm Imaru, 

FoUruatiooof oigarsin stocace 63B-653 

PafygoiiXtm— 

kydropiptroidtt, food plant of Pyramta 

mttdm ^ 

infomahM. Syn. P.lapatkifoituiti. 

Upatkifolhtmt food plant of Pyrmuta aimt* 

im 8j8 

AoMoy/MiiKwret food plant of Pyrausta 

amtim ^7-844 

ptriiearia, food phat of PyrauOa aitulm . . . 838 

paiy»twiaikitttm, 9 an^€tEiiMtis 350 

Poaina irifckata, influence of umperature 
00— 

devdopnent of PttudomMat citri 483-488 

growth .,459-471 

i«t period 459 

PbtMlh-* 

iaplantsgrowttwfth— 

fvnnsiiilpbatettdgypauni a 

•odittm bkiriNiiate and yra ye d with 

tine and iron Mdti ^ 

See PoUMhtm. 




Oct X, 15 , 1911 


Index 


903 


FoUniunh-* pace 

dUorid— 

•dsoiptkinbypUBits (516-617 

tl^ectcn coocentmtion d s«l sdution 393 

coocestnitioa in orthoclasc solutions not a 
meuure d its availability to wheat seed- 

lia« 6is-6ai 

Ouorid, e£Fea on yield d volatile oil from 

Qimeae colza seed 

hydroodd, effect on yield of volatile from 

Oiinese colza seed 130-131 

bcnqjpcdand uncropped soils 663-667 

In nonnal and mottled dims leaves 166-190 

in soil extract 387-394 

in southern poultry feeds 143 

oxid. absorption by plants 616-617 

sulphate, effect on cancentiation d soil 

tXttact 38&-389 

Fotata See Soiaitum tuberosu»K 
Poultry feed mixtures, potential acidity and 

alkalinity I4*'i49 

Privet See Liffuslntm aurta. 

prolin in potato protein 634 

Pw^nanicadd See Acid, propionic. 

Piotem— 

caloriesm various poultry feeds 147 

crystals due to potato blackleg 336-330 

in Chinese colza seed 137 

in sugar beet top silage 538-540 

in sunffower and com 

Proteias, effect on freezing-point depressiem 

of seeds S 93 

Proteus bacilli in canned ripe olives 377-379 

Pruning— 

influence in stimulating growth of plants. . 15s 

top, effect on hypertrophy of conifers. .... 338 

Pstcadia dtllUUa, Syn. Bthmia deUiella. 
Psettdommiu — 

ci>t, influence of temperature and hn- 

raidhy. 447-506 

jaPonica, possible name for cowpea^ybean 

nodule bacteria 551 

rodtdeofa. Syn. BaciUui rodicicola. 
hMtfccitmj. causal organism of bacterial 

crown^U 395 

Pten^ihoridae, similarity of one species to 

Pedmopiora ifcatypitUa 837-818 

Pyralidae, similarity of certain spedes to 


Ptcimopkora gottypitUa 

838-834 



mibw— 


control 

.. 843-844 


837 

seasonal history 

... 839-840 

ntiMlalM, rimilatUy of P.tmtUri 

837 

dmudnaiaiu. Syn. P. tmtliti. 


penitaUs, rimUarity of P. tatulm 

837 

PyntusUnae. ilmilarity of certain species to 

PteUnePkora gossypMU 

... 839 r 830 

Pyramtomyia pemMiSt paiarite of Pyrausta 


... 843*^ 

Proderett riltyt. similarity to— 


PicUnopiora gatsypieUa 


Ttl^kuM iiMnofia. 

8 t 3 

Ztnodoekmm cBricoktia 

... 818^19 

^^Agweed. Stt Amieoiw trifida and vt. 

Orta- 

mriaefolia. 



Rmn, influence in disseminatkm of spores of^lSige 

GibbtreUa soubmetii. ^13-13 

Rattlesnake venin, inefficacy of eobinaf^n. 

75-^7 

Reaction, soil, effect on Fusarium-wilt of to- 

5*8^39 

Red clover nodule bacteria culriires, effect on 

^ 550 

Red pine. Sec resmosa. 

Reducing sugars — 

in grapefruit 359-3,3 

in sugars in storage. 638-653 

Relation of the Calcium Content cf Some Kan- 
sas Soils to the Soil Reaction as Deteamined 
by the Electrometric Titration (paper) . 855-868 
Relation of the Soil Solution to the Soil Ex- 
tract (paper) 381-^95 

"Resting," relation to chilling of plants 159 

Rkizobacieriutn japonicuvi, name given by 

Kirchner to soybean nodule bacterium 551 

Rkizopus— 

nigricans, similarity to R. iriiici 761 

Sp., attacking wheat treated with formalde- 
hyde aij 

tritici, secretion and action of amylase. . . 761-789 
Rhoads, Arthur S.. et al. (paper): Hypertro- 
phied Leuticels on the Roots of Conifers and 
Their Relation to Moisture and Aeration 353-266 

Rhtis copallina, water leuticels 356 

Rkyrtchalus taiinams. Syn. CauhPhilus lai- 
inasns. 

Rhyochophora attacking com in storage. . 605-614 
Rhynckophorus linearis. Syn . SilopUlus line- 
ttris. 

Rice, growth on calcareous soil 38-58 

Rice Weevil , (Calandra) Sitophilns oryza (pa- 
per) 409-42* 

Ripening of sweetcora, effect of climatic tem- 
perature — 795-805 

Robinia, host of Gibberelia soubmetii 16 

Rootrot of cereals caused by Fwarium spp. 

and Gibberelia saubmeiii 3 

RoUboeliia exaliata, immunity to ScUrospera 

spontanea 671 

Rubus, host of Gibberelia saubvtetH 16 

Rudbeekia— 

pallida. Syn. ^raunma atrorubens. 
purpurea. Syu. Brauneria purpurea. 

Rumet-' 

6r»Aj»»»ca, host of V ropklydis major 313 

crispus, food plant of Pyrausta amsliei 838 

scutaius, host of Uropklyctis rubsaameni . ... 313 

Rusk citiange, influence of— 
humidity on development of Pseudomonas 

ciiri 494-497 

temperature on development of Pseudo- 
momucitri 471-488 

temperature on growth^ 459'47i 

Russian thistle. See Salsola kali var. tenui- 
/olio. 

Ryt. SetSecalecereale. 

Sacckafum sPonianeum, host oi Sclerospora 



Sakbrana Ucomae, Syn. Clydanopteron teco- 


mot. 
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.. .Sawiatft— 

? host Unpkfyeiis Phtrimmt’ 

tabu,., .....5.,,. ii* 

ipp^^bliiUdikeaidbctt,,.... »» 

conpontka io orange IcRves iSr-iS? 

pr O Mi K^ rdatkn to hypatropbr tte 

SjerofleaiiiMJ tmpmiu, gfowth ia calcewwi 

wfl iJ 

Saw0y, tcConte’s. SttJ>r$oiipriimketmUi 
**5cab" of ooioaa. See Ci^dotriekm circt- 

S fwmcr worm. See Pjradercts rikj/L 
Sekhm reeiifucit. Syn. Bagistra rtdtfaseia, 
SdiutOMma— 

kamatobmtn^ pansite of BnlUnos, Phtaor' 
bis.andHi79(V5is 198 

cause of adustommiaiis ii)ts>t98 

parasite of Blufor^ 198 

iMniwiw, parasite of Bullimts, PUnoibis, 

. radHiysopsis 198 

Sdtwaitz. Benjamin (psver): Effects ci X- 

Raysflo ttidiinie * *45^54 

c a USCd by blood flukes 19] 

Sdgjus^hostof GtMenOaJVNhmin 16 

Sdlimr^e— 

arafamaaDia, OQoidia 679 

jaaonsw. diffeience from SekmsPora pkilip- 

Pmmb 679 

aMytfu, iliflerettce from SdtrosPon pkitip- 

pmmttt 679 

causal organbni of downy 

mQdew of maize. ti6sr6&4 

Mcciart, cemidia 679 

sP(mtetua,n.gp 

Sclintimia mhtor. n. 9 p., the Cause of a Decay 
of ItCttnce, Celery, and Other Ciopa 

(paper) MI-3M 

SccfieldL C. a, and Bani^ J. Arthur (paper): 
Pennanence of Differcncea in the l^ots of 

an Experinuntal Fidd Jirssd 

Sootdi pine- See Pmw syhaim, 

Scnibpiac; SKJ^munriimmM. 

Season, e&ct at— 

idiysical state of soil 39r404 

ijpcnsigolsweeta»n 798*799 

Steak meak, host of Giibertik saabimtii, . . . 1-31 
Seed wheat, injury fron formaldehyde..., 909-344 

Seeds, mustard, nibctitntes 

Seedhng-hlightcf oereeb caused by Ct&bereffii 
jaidM(r!« 5 

mrht^ MihMHtv/rtnr*»tahmhi I 

oitbodascsohirtoos irj*^ I 

Septke naa . fateflSeaey of ech i n a cea a^dnat. . 79-74 | 

Stm/M repotted immumty from hyper> 

ttwUedlcrtkds #5$ 

Sertmi. blood, effset on efficacy of chlom 

ffinafectanta 89-txo 

5rdaafi dieawfifrwl Sih- Xhndrdoda kw#^ 

Mik 

sfc A a i A Am snaiMbiMi. 


the Sunfl ower and Oocn Plants dt Diflcr. 

ent Stages of (Sfoirth.,......, •-..787-793 

Stiwephte. See Pmiu eowfei^ 

Shrinkage <d grapefruit in storage. 3^373 

5 tdi food plant of rd>ituafa«rHNa.(.,, Sn 
SitferorarMr Aerwaidh, food pUnt ^ 

mkattiioHs gi6 

Sflege— 

sugar beet top S3r543 

sunflower, digortkitt... fiSi-s88 

StHcate. calduu. effect<ms^owthof|^azLt8... 40~44 
SilicB— 

in potato tubers, skins, and sfuouts 633 

in normal and mottled chnis leaves 148-190 

in plants grown with ferrous subhate and 


gypsum a 

in pbnts grown with sodium bkarbonate 


and ^noyed with lime and frem salts 46 

in soil extract 

387-394 

^ver pine. See Pmet moolNofo. 


Sow^tJ— 


aka. white mustard 

IZ 7 , 133, 135-136 

bnssieata, classification 

«9 

(kintntu, classificetion 


juMcta var. napiformit, Syn. 

EromM 

napiformis. 


Pekmmu, cTassificatkm 


Sifo^kilar— 


granarim — 


allied to 5 . orym 


description 


distini^ixhiitg characters 


synonymy 

613 

fmeortr— 


life history 


parasite of Towanadur indkut. 

439-446 

parasites. 

443 

aryu— 


control.... 

4 « 

descriptioa 


disdttguishmg characters ...... . 


food 

410-411 

life history 

4 il- 4 « 

parasites 

4*1-433 

tywHiyiuy.. . 


Skins, Xfi^ potato, oomptnitkin. . . . 

* 693-635 


Smartweed borer, See PyrtoatA akulieL 
Smudge, anon. SmCoUdotricbueicyrcniafu. 

"Soowmold.’' caused by fa/srwmapp 19^30 

Snyder. Bobert SL, ct aL (paper); Sonflower 
Digestioi Bxpedment with Cattle and 

881-888 

Soda k plants grown witfr-* 

/enons mbhateandgypstim 4 t 

fodhim WcaihoeMfe end staayed with lime 

asMl iron salts...., 48 

Sodium— 

bicarbonide— 

a&ct 00 growth of fke 

value as didbdsctant. ...i. 86 -tiA 

hypoddorite;,vahtcMdkiiSeetnt so-no 

k normal and mottled dtnuleara <66-190 

ksdleKmut 



Index 


905 


E>Ot> t, J9*0r-UMt, IS, t93I 


SoditmtHContiftuect. Face 

plwn>h«te, effect on avaM^ty d potas- 

fliuffi.. 616-617 

ia. tK«6iem poultry feeds 143 

So(lium 4 ohietie*«iilphoii'dbi(n^^ See 
“Chloraiaialf.’' 

Boa- 

RyaSalcnlity of Itoii 33-62 

effectof- 

cetfaooate of UmeonavaikbiUty Chiron,. 47-40 
season end crop crowtb on physical 

state 39 r 404 

various exota on water extract 663-667 

effect on compoaition of potato tubers, 

skins, and sprouts 632-634 | 

moisture, effect on ^Hisariuin-wilt of tobacco ss9 
icoctlon, effect on Tusarhun-wilt of to* 

bacoo $3^539 

id^ioD of calcium content to reaction, . . 855-868 

sohitioot rdatioo to soil extract 361-395 

temieratore, effect on Fusarium-wilt of 

tobacco SarsaS 

fr>i»tiiM in potato mtwts 633 

SoAMwfo /tiiWiMaw— 

attadeed by bladdes 

berries host of f 7 t 66 er 4 iia JdtihtfMiiV t6 

compositkooftubers, skins, and grouts., 633-635 

effect on water extract of swl 663-667 

vascular discoforatlon of tubers. S 7 rr 94 

SoHdafo tint., shelter plants of Pyrmsta 

amsim *39 

SoUds, soluble; in grapefruit 3S9-379 

Soluble sc^ in srapefruit 3 S 9-379 

Snhiti«v soil, rdatkai to soil extract 361-395 

SomoMa ktUaniketna, $yn. Eucosnta kefion* 
tkana. 

Cbanees in Florida Giapciruit in Stor* 

aat (paper) 

Some lfl>idopteia X«ikdy to Be Confused 

irith the Pink Bollwonn (paper) 807-S36 

Sorghum— ‘ 

siuoeptibility to formaldehyde injury. ..... 241 

BetAftdropofon mfhtm. 

Soyb^m-cowpea bacteria, comparison with 
BaciUusradwcola^d B.radiobacUT S 4 rs 54 

Soybean nodule bacteria cultures, effect on 

milk 550 

Spaionvioturpka f(udatipt»nis, parasite of 

Sitopkibtsoryu 4« 

SjuiXkttMtiemr parasite of Newfi- 

Uamtd 7 Sr 7 s 8 

Spelt SecTriWcwKisH**- 

Species, new 114, | 

814^516, RtS-Sto. 813-824,835-836, 827-838 i 
Spore-fonning bacilli in canned ripe olives. 37 r 379 I 
Sprouts. Irish poUt 0 ,cmDpOKtioa 633-635 / 

Stahf, C P, (sntper)t Stalks on the tife ! 
Hatory and Habitt of the Beet teifhop* 


per »45-*5* 

SUi^iidocoocibeaaiMdr^oUvca. irrjTO 

Ste^lMMcar anrms, effect of cbloria dia- 

infectanta upon 88-1 ro 

Staidi— 

McDlyflsby/tAw>iirArMBf 189-783 

biCbiflcttootMiMd »•! 


Starch— Continued. ,Pafe 

in plants, influence of cold in traasforininf 

tosugar 153-154 

insweetoorn 795-805 

Stenomidae, similarity of one species to 

PfCthiopkorafiossypieUii 616-8x7 

Stewart, G, R, and Martin, J. C. (paper); 

Effect of Various Crops upon the Water 
Extract of a Typical SHty Clay I<oam 

S<m 1 663-667 

Stewart G.R.etal. (paper); Retationofthe 

Soil Solution to the Soil Exfaact 381-395 

Stigmoni^a tristrieona, Syn. Laspeyretia 
(rirtrtfltmo. 

Stipa, host of GibbereUa saylnn€tii. 16 

Stizolobium vines, availability of iiou to rice - 
plants in calcareous and noncalcareous soils 50-54 
Storage, effect on— 

Colietatrkhuincifciiiaas 7x3-716 

deterioration of sugars 637-653 

grapefruit 3sr373 

Stnorhostyks nodule bacteria cultures, effect 

on milk 550 

Strymbn metinus, pest of Malvaceae 834 

Studies in Mustard Seeds and Substitutes; L 
ChineseColxa (B lassica campestris chinolei- 

feia Vtthoever) (paper) X17-140 

Studies on the Life History and Habits of the 

Beet Leafhopper (p^r) 345-251 

Study of Some Poultry Feed Mixtures with 
Reference to Their Potential Acidity and 
Their Potential Alkalinity; I. (paper) . . . 14X-X49 
"Subcubyd Iniila and Echinacea,” medici- 


nal properties 65-84 

Sucrose in grapefruit 3S9-379 

Sugar Beet Top Silage (paper) 537-549 

Sugar- 

in grapefruit 3S!r379 

in plants, influence of cold in transforming 

from starch iS3-x54 

insweetcom 79 S-So 5 

Sugars, deterioration in storage 637-653 

Sulphate- 
calcium, effect on- 

availability of {jotassium 616-617 

growth of plants 40”44 

avper, toxity to snails 196-308 

ierrous— 

and moUsscs. availability to rice plants 


in calcareous and noncalcaieous soils. . 50-54 
availability to rice plants in calcareous 


and noncalcareous plants 50-54 

effect on action of gypsum 38-44 

in and mottled citrus leai^es ..... 166-190 

in soil extract 3^7"394 

potassium, effect on concentration ol soil 

extract 388-389 

Sulphur- 

in normal and mottled citrus leaves 166-190 

in pUnts grown with ferrous sulplude and 

gypsum..... 41 

in aouihem poultry feeds t43 

Sonflowtr tdants, compariaon with com fcff 
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Squdani^ SOaee Sice^ioo Experbnent with ]^e 
' C^&e and Sfte^ (pAper). . . 88i-«88 
Smui^, C. I^tshffw, W. 1/., tmd 
E. L. (paper): Rdatioa o{ the Calchm 
Cont«at of Some Kausaa Soils to the SoU 
' ' Reactiofi as Detenoincd by the Electro- 

metricl^ratioa 855*^ 

^(|eet cfanrn nodule hactnia cuhuies, elect 

waiilk 550 

Sweetcom, effect of dimaUc tempeiabiie on 

ripcaint pioccssea 1 

Swine, inheiitaace of syndactylism... soydoa 

Syndactylism* Uack, and dUutuu in swine, 

inhetitance of 595-604 

' Tatae, S. U (paper): Cbaotea Xaklua Usee 

|§i the tempetiny of Wheat afi-ars 

S. E., ct at (paper): Relation of the 
Odcium (hmtent of Some Kansas Soils to 
the Soil ResetkHi as Detennined by the 

^ectrometik Titiatiaa 8^-t68 

Tamarack. See Larix Utritma, 

Tunatind Pod-Borer, Sitoplulas Uneails 

(Hcxbet) (paper) 439*446 

Tamarind. See ToMarindar wdicuf. 

TtmarMut indiau, boat of 

0 imtms 439*446 

Tommha biUeit^la. Syxu Elkmia fctrtfwatfa. 

'*Tau disease” of fniittica,., 163 

(ftamate, ferric, ayailability to rice plants In 

cakueoasandiwacakaieotissoils $0-^ 

Tartaric acid. See Acid, tartaric. 

Taittat^feitk-- 

avmli^tytociceidantsitt cakaitoia and 

noncAkateonands 50-34 

effect on growth cd rice..,. 40-44 


inri/oiM. hypertrophied kntlcds .... 155-366 

mr>idafo. hypertrophied lentkeb....... 155-066 

tpp., reported immonitv from hypertro- 
phied kntkcis.. >55 

r«roiM radicoM, food pkat of ChAm/>pf*rm 

Ucamoi 833 

Tais^hua muHmu, n. 8t*-dij[ 

Tempoatmo- 

atwhidifiixitlHadsfieae.... 65g-A6« 

dhnatk, effect on opening pro cesma Is 
sww t com 795-60S 


^ carbdiydiate tiaasfoimathai in lesUng 

potato tnben I 635 

fotiBalddiyde injury to seed wheat, , , , 136-340 

growth <dCoflrtc<ricjhMidrdnaM 696-697 

growth of PiMtdoawiMrcdri 44^-506 

hydndysisof staicbbylfjUft^fririci... 767- 

tapering of whert....... 373-375 

hifiiiaice of copper ndidiAtc on orgaaMPU 

in water. see-aei 

^^4KlAtiaH to deMriontiem of mgais in 

AtwAge 643-653 

to Trhkh soils can be oppted withont (f«cfr> 

ittg 367-^ 

sofl. effect on PniAiitiB-wilt of tobacco. . $37-53! 

Tenfroringofiriieat > 7 t* 37 S 

TmtnkUr ata twi t aaitw i, pApndtr of SilepU^ 

faiaryia.... 433 


‘[j^nsbte, SeeEneUaMdhisii^Mir. " ^ite 

reiwmofm ipoh^a. h^ of Csraiitn tdpU^. 433 
Tetaimsi Utefficacy of echinacea agalnrt.., / 67-70 
Tetradriinid. carbon, effect ht stlmutating 

sprouting of 'pPtab)tnbero... 633 

Thiocyanate, alhd, fonnation during macero- 

tkm of Chinese colm seed 131 

TArodro iriiontiiiM. Syn. Encoma Aeftsa- 1 
thmo. 

Thiourea inallyl and crotonyl Uothiocyanate. U7 

Thkmrethane, ally!, rormation during ma^ 

oiatimi of Chinese colra. m 

ThisUe, Russian, SetSaMcMivai.Umvh 
/ofic. 

Tknja spp., reported immunity from hype^ 

teophled lender (33 

ThdrtC- See Cotx locAryNio-jMd. 

TUley, P. W. (paper): Investigatkmi of the 
OermkidBl Value of Some of the Qilorin 

Dhfadectants.,... 83,.no 

Timothy. See JPiUwm >falflU3. 

Thratlon, electraiitetric. indication of rdatkm 

calcium content of soil to reaction 855^ 

Tobacco stems, aYailahility of iron to rice 
idaatsin calcareous and noncakateous soils. 50-54 
Top pruning, effect on hypertrophy of coni- 

fen 358 

Tobacco. SeeA(radwitafa8(tcKai. 

Tortrkidae, similarity of cetaain specks to 

PtdiiKPherowtypieiU 8ii-8>i 

TtatUog arbutas. See Epifaeartpm. 

Tianinussibk If osuc Disease of lettuce, A 

737-740 

TranqdritkKH- 

effect on hypertrophy of conflen 359-163 

of plants, corrclatloa and cattsatkn 575-585 

Trichinae, effect of X-nys 845-^54 

TnckMcfla i^aftr. effect of X-rays !45~654 

TrifaiPiim— 

■ mtMmm, host of Uropkhciit bohemke ... 515 

!pp.. hosts of CtUerrik mn&tnerii 16 

Trtftewar- 

re^eiu, bostof CiUefeikrotifcMrtii.,.,..... t6 
i>c/k, hort of < 7 i 66 rrffk nuMartri 1-33 

spp— 

hosts of Gilurdla leiibimttii 1-31 

seed, injury from fonnalddiyde 309-344 

seedlings, avallahUity of potassium bt 

wthoclase solntians.. 615-611 

Tropical ahnond. See Ttmmdia catappa. 

Trmpet flower vine. See Tfoowa fadiautr. 
rryjMAM>nM cfwry^dMsi. ineflkacy of echi- 
nacea against 80-81 

Trypanososniasb. mefficacy of echinacea 

apkttt.. 8o*8* 

Ttuta conadMiu, hj^Mitroplikd lenticris. 155-^66 
Tuberrie btdlhis, effect of chlorin disinfect- 

aoti 9 S*^» 

TidMccukais, Incffieacy of ediinacca against. 77-79 

”Tubciin”k potato ^Monte 634 

Tabers, Iririt potato, composition 6»r635 

Tumbn- 8ceBramc«ray«. * 

Thyridinae. limitarity of one specks to PtcH' 
froykragwjyysrik 


Oct. tr t9s&>Mar. 15, 1931 


Index 


907 


Typ1ut-~ Page 

latifcUa, Bh 4 t«r plant of Pyraitsta ainslm. , 839 

sp., fppd idant erf DicyPtetomia jtUianalu, 831 

Tytoaia in potato sprouts, i 634 

minus, best (rf Gibberella saubinetii, ......... 16 

Vranotes tMlinut- Syn. Strynm melirmt. 
VrocysUs cepulae, wimlarity to CoUetotrichuvt 

circinans 718 

Vrophlyctis~- 

fli/fll/as, parable of alfalfa 295-324 

ftok«?fMca,liaustoriB. 313 

iCladachytrmm) puiPcta, patadte on Chenr 

opodium spp.. 300 I 

kmuphaericat samikrity of U. alfalfat m 
jrowth 303 

baustoria 3;i3 

Syn. U- ktmisphatrica. 

UProidta. similarity of U. alfalfae in giowtii . 303 

haustoria 313 

major, haustoria 313 

(Physoderma) Uproidea, parasite of beets,, 300 

piwioHnitiaius, similarity to U. alfalfae 313 

pHlposo~~ 

apical apparatus on veaetative cells 306 

haustoria 313 

haustoria. 313 

nuclear behavior 308 

Vacemium— 

coryinbesum, influence of cold in stimulat- 
ing growth 156-ito 

sp.rcaldfugousnature — 34 

Valerianate, ferric, availability to rice plants 

in calcareous and noncalcareous soils 50-34 

Valeric acid. See Acid, valeric. 

Valin in potato protein 634 

Variations in CoUetotrichum gloeosporioides 

(paper) 723-736 

Varietal resistance to Pusarium>wilt of 

tobacco 530^133 

Variety, new 118-140,521,525-536 

Vascular Discoloratiou of Irish Potato Tubers 

(paper) 277-294 

VentUatioa in bams 405-40^ 

Vimi'ciderfa— 

orenuMU, Syn. Colktatrkkum ctrcuktitr. 
flaeotPorioidti. Syn. CoiUtotriekum gloeo- 
fpofioidas. 

'‘Vennkulariosc,’* See Colktairickum dr- 
cinaru. 

Veriidlliiim aibo-alrum, cause of vascular 

ncctuaia of potato tubers 277 

Vetch nodule bacteria cultures, effect on miUc. 550 
VtinrmiM omencMum, influence of edd in 

stimulating growth (PI. ar) 151-160 

Vkfe/etc— 

compodtion of green and albino leaves, ... 182 

efiect OB water extract of soil 663-667 

Viefaoever, Arno, Clevenger, Joseph P , and 
Ewing, Clare Otin (pap4x); Studies in 
Mustard Seeds and Substitutes: I. Chinese 
Colza (Braisica oampestrls chinoletieni 
Viehoever) 11 7-140 


Vdatile wl in Chinese olza seed. ^27-132 

Vobdelta dremam. Syn. ColUtotricfam 
circifwrw. 

Walker, J. C. (paper): Onion Smudge 685-722 ^ 

Water— 

causedtobccOTneunfreebyseeds.... ■ 587-5^ 

effect on— , 

availability of iron in, sdU 54-58 

hypertrophy of conifers 358-262 

tempering of wheat 272-275 

extract of soil, effect of various crofis 663-667 

Water-sirfuble— 

nitrates in cropped and uncropped soils. . 663-667 
phosphorus in wheat, changes due to tem- 

272-275 

;Weed, beggar, nodule bacteria cultures, 

effect on milk j30 

Weevil — 

avocado. Set Heilipus laud. 
rice. See Siiophiiui orysa. 

Welcome, C, J., ct al. (paper); Further Studies 
in the Deterioration of Sugars in Storage. 637-653 
West. Frank L., and Ediefsen, N. E. (paper): 

Freezing of Fruit Buds 655-662 

Western yeDow pine. See Pinus ponderosa. 

Weston, William H. (paper); Another Coni- 

dialSclerospomof PhilippineMaize 669-684 

Wheat- 

tempering 271-275 

See Trilicutn spp. 

White pine. SeePmur sirebus. 

Wild crab. See Mdus corenarta. 

Willard, H. F. (paper): Oplus fleteberi as a 

Parasite of the Melon Fly in Hawaii 4*3-438 

Wind, mfluence in dissemination of spores of 

Gibberella saubinetii 11-12 

Wissadula — 

hsani, food plant of Zenodoxus palmii 826 

$p.. food plant of TeiPhusa mariona 812 

Worm, scavenger. See Pytoderces rileyi. 

Wright, P. A., and Shaw, R. H. (paper): A 
Comparative Study of the Ccanposition of 
the Sunflower and Com Plants at Different 

Stages of Growth 787-793 

Wright, Sewall (paper): CotreJation and 

Causation 557-585 

Xanihium coinntunis, shelter plant of Py- 

rausla amsliei 839 

X-rays, effect on trichin® *45^54 

Yeasts in canned ripe olives 377^379 

Yellow pine. See Pmus penderosa. 

Zea ttwyi— 

effect on water extract of soils 

host erf Physoderma zeae-maydis 3U 

host dScUrosporasponUiruum 669r4% 

in storage, attacked by Rhynchophoia.. 605-614 

shelter plant (rf PyrausidamUUi 839 

ZtnodMkmm diritaUlla, similarity to Pec- 

tinePhora ^rypieUa 817-818 

Zenodexui Palmii, similarity to Pedmo- 
phora (fossyPiella 826-827 






